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Int roduct ion  
This  p ro jec t  is  a d e t a i l e d  a n a l y s i s  of t h e  l i tho logy ,  s t r a t i g r a p h y ,  . 
and s t r u c t u r e  of the  New Albany Group i n  I l l i n o i s  t o  determine those  charac- 
t e r i s t i c s  of l i tho logy ,  thickness,  r 'egional d i s t r i b u t i o n ,  v e r t i c a l  and l a t e r a l  
v a r i a b i l i t y , ' a n d  deformation t h a t  a r e  most r e l evan t  t o  the  occurrence of 
hydrocarbons. 
This  s tudy w i l l  r e s u l t  i n  the  prepara t ion  of c ross  sec t ions ,  f a c i e s  
maps, and geologic s t r u c t u r e  maps based on subsurface da ta  a v a i l a b l e  i n  t h e  
I l l i n o i s  Survey f i l e s .  Previous work i n  I l l i n o i s  is  being re-evaluated and 
updated. New data  on t h e  physica l ,  chemical, and mineralogic c h a r a c t e r i s t i c s  
of the  New Albany w i l l  be derived from t h e  . s t u d i e s  of new cores i n  I l l i n o i s  
and w i l l  be incorporated i n t o  the  s t r a t i g r a p h i c  and s t r u c t u r a l  i n v e s t i g a t i o n s  
of e x i s t i n g  data.  
Advise DOE on D r i l l  S i t e s  and Coring 
Progress 
The "grass roots" core i n  Hardin County, I l l i n o i s ,  near  t h e  c e n t e r  of 
the  depos i t iona l  bas in  of the  New Albany Group, began on 29 November 1978. 
A complete r epor t  of t h a t  co re  is given below. Contact has continued wi th  
bas in  opera tors  on o the r  poss ib le  'coring s i t e s  i n  I l l i n o i s ,  but  no f i rm 
commitments have been obtained. 
Problems 
A s  an t ic ipa ted , ,  t h e  Hardin County core was heavi ly  f r ac tu red .  The 
f r a c t u r i n g  and the  unanticipated hardness of the  s h a l e  caused many problems 
i n  coring a s  n ~ i t i i n e d  below. The usefulness  of t h e  core  f o r  s t r e n g t h  
slid d i rcc t i s r id l  propcr t ieo  and $ 3 ~  content i s  dn l~h t f i i l .  However. r e c ~ v e r e d  
segments a r e  good f o r ' s t r a t i g r a p h i c  and petrographic inves t iga t ions .  Another 
core  i n  t h e  ~ l l i n o i s  Basin is des i rab le ,  .preferably  i n  the  Ham.ilton County 
a rea ,  i n  order  t o  complete our resource evaluat ion.  
Summary of cor ing  opera t ions  
Core Report f o r  EGSP ILL #4 (ISGS core  11 IL) 
Rector and Stone Drlg. 
Missouri Por t land Cement #l 
N E ~  NEk N& Sec. 36, T. 11 S., R. 7  E. 
Hardin County, I l l i ~ r ~ i s  
Ground Elevat ion  estimated a t  560 f t .  (171 m) above mean s e a  l e v e l  
from Lopographic map. 
D r i l l i n g  began a t  1625 h r s .  on 29 November 1978, A 12y1 h o l e  w a s  
d r i l l e d  t o  33 f t .  and 8 518" su r face  cas ing was s e t .  7  718" hole  was d r i l l e d  
t o  35 f t .  Coring began a t  2015 h r s .  using a 7 7/8" coarse  diamond b i t  without  
o r i e n t i n g  equipment. 
Core 1: s t a r t  35'  @ 2015, 11129178 
end 40'  @ 2156, 11/29/78 
c o r e  b a r r e l  jammed 
Core 2: s t a r t  40' @ 2245, 11/29/78 
end 44 '  @ 2334, 11/29/78 
c o r e  b a r r e l  jammed 
Core 3: s t a r t  44 '  @ 0014, 11130178 
end 49' @ 0140, 11130178 
c o r e  b a r r e l  jammed 
Core 4: s t a r t  49 '  @ 0259, 11130178 
end 52'  @ 0419, 11130178 
c o r e  b a r r e l  jammed 
Kecovery trom 35 t o  52 f t .  was extremely poor.  Only s m a l l  p i eces  of 
broken c o r e  and rubb le  were recovered,  r e p r e s e n t i n g  approximately lfl perrent 
of  t h e  t o t a l  i n t e r v a l  co red ,  The formatinn thrn i lgh  t h i s  interval is h igh ly  
f r a c t u r e d  and mine ra l i zed ,  and t h e  co re  appa ren t ly  broke along n a t u r a l  h igh  
a n g l e  f r a c t u r e s  a s  i t  en t e r ed  t h e  i n n e r  co re  b a r r e l .  The Chr i s t ensen  r ep re sen t a -  
t i v e  sugges ted  d r i l l i n g  t o  68 f t .  s o  t h a t  t h e  upper c o r e  b a r r e l  s t a b i l i z e r s  
could r i d e  w i t h i n  t h e  7  7/8" h o l e  snd below t h e  s u r f a c e  cas ing .  This  would 
reduce  wobble a t  t h e  c o r e  b i t  and p o s s i b l y  would reduce c o r e  breakage. 
7  718" h o l e  was d r i l l e d  t o  68.5 f t .  Problems were encountered lowering 
t h e  c o r e  b a r r e l  i n t o  t h e  h o l e  and t h e  i n t e r v a l  from 35 t o  68 f t .  r equ i r ed  
reaming and washing w i t h  t h e  co r ing  b i t .  Coring resumed a t  0815 h r s .  
Core 5: s t a r t  68 '  @ 0814, 11130178 
end 69.7'  @ 0848, 11130178 
p u l l e d  t o  check b i t  
r e c .  0 .7 '  whole c o r e  
Cure G :  s t a r c  6 9 . 7 '  C 0936, l l / 3 U / / 8  
end 74' f 1014, 11130178 
pu l l ed  t o  check b i t  and core  ca t che r  due t o  extremely 
s low cor ing  rate 
r e c ;  4 .3 '  h i g h l y  f r a c t u r e d  and broken c o r e  
Problems were encountered p u l l i n g  t h e  core b a r r e l  out uf t h e  h o l e  
because  t h e  s h a l e  was appa ren t ly  breaking  along f r a c t u r e s  and caving i n t o  t h e  
h o l e .  D r i l l e r  mixed mud and c i r c u l a t e d  f o r  20 minutes i n  a n  a t tempt  t o  h e a l  
h o l e  damage. Resumed c o r i n g  a t  1400 h r s .  
Cnre 7: s t a r t  711' t! 1402, 11/30/78 
end 78' @ 1743; 11130178 
pu l l ed  due t o  slow d r i l l i n g  r a t e  (35-59 m i n l f t . )  
r e c .  3 . 8 '  badly  broken co re  
Core 8: s t a r t  78 '  @ 1521, 11/30/70 
end 79.3'  @ 1929, 11130178 
p u l l e d  due t o  very  slow d r i l l i n g  r a t e  ( 3  inches  i n  l a s t L  
30 min.) 
r e c .  1' badly broken c o r e  rubb le  
changed t o  f i n e r  diamond b i t ,  rep laced  c o r e  shoe,  
rep laced  c o r e  b a r r e l  bear ing  
Core 9: s t a r t  79'  @ 2202, 11/30/78 
end 84 '  @ 0434, 12/1/78 
pu l l ed  c o r e  due t o  extremely slow d r i l l i n g  r a t e  dur ing  
l a s t  f o o t  (120 rnin.) . 
r e c .  4 '  p a r t l y  broken c o r e  w i th  a few long p i eces  
Core 10: s t a r t  84'  @ 0611, 12/1/78 
end 85.5'  @ 0833, 12/1/78 
pu l l ed  c o r e  due t o  extremely slow d r i l l i n g  r a t e  (94 min / f t . )  
r e c .  2 '  whole c o r e  (one p i e c e  1 . 5 '  long) 
changed back t o  c o a r s e  diamond b i t  
Core 11: s t a r t  85.5'  @ 0848, 12/1/78 
end 88.5 '  @ 1323', 12/1/78 
pu l l ed  c o r e  t o  change b i t s  
r e c .  1 . 3 '  whole c o r e  
Seve ra l  ve ry  hard zones were encountered w h i l e  d r i l l i n g  co re s  7-11. 
It was necessary  t o  d r i l l  o u t  t h e  1 . 5  f t .  of l o s t  c o r e  from t h e  l a s t  run  and 
t h e  rock b i t  was s eve re ly  du l l ed  wh i l e  c l ean ing  ou t  t h e  bottom of t h e  hole- 
f ~ r t h e r ' d e m o n s t r a t i n ~  t h e  extremely hard n a t u r e  of t h e  s h a l e  a t  t h i s  s i te .  
We decided t o  change t o  a 6 314" O.D.  c o r i n g  b i t  t o  reduce t h e  amount of rock  
d r i l l e d  and hope fu l ly  i n c r e a s e  t h e  d r i l l i n g  rate.  Coring resumed a t  1515 h r s .  
Core 12: s t a r t  88 .5 '  @ 1518, 12/1/78 , 
end 92'  @ 1808, 12/1/78 
pu l l ed  c o r e  due  t o  slow d r i l l i n g  r a t e  through l a s t  f o o t  (73  
min.) .  
r e c .  2.5 '  whole c o r e  and 0 .5 '  r ubb le  
Core 13: s t a r t  92'  @ 1838, 12/1/78 
end 96'  @ 2145, 12/1/78 
p u l l e d  c o r e  due t o  slow d r i l l i n g  r a t e  through l a s t  f o o t  
(73 min.) 
r ec .  3 '  wl~ule  cu re  slid 1' L-ubblr 
Core 14: s t a r t  96 '  @ 2235, 12/1/78 
end 99.5 @ 0127, 12/2/78 
pu l l ed  due t o  slow d r i l l i n g  through l a s t  0 .5  f t .  (45 min.) 
rec.. 315' co re ,  broken i n t o  0.4-0.8' long  p i eces .  
Core.15:  s t a r t  99 .5 '  @ 0219, 12/2/78 
end 103 '  @ 0541, 12/2/78 
pu l l ed  due t o  slow d r i l l i n g  through l a s t  f o o t  (70 min.) 
r e c .  3 .5 '  badly broken and f r a c t u r e d  co re  
Core 16: s t a r t  103'  @ 0631, 12/2/78 
end 1 1 9 '  @ 1546, 1 2 / 2 / 7 8  
pu l led  t o  change upper c o r e  b a r r e l  s t a b i l i ' z e r ' . t o 6  314" s i z e  
rgc .  15 .8 '  c o r e  (12 '  whole co re  and 4 '  rubble)  
,Avg. d r i l l i n g  r a t e  = 34.  a~ i r i . /E t .  
Core recovery  was high enough i n  q u a l i t y  t o  a l low o r i e n t i n g .  The 
f i e l d  team decided t o  mounttheMONEL c o l l a r  and o r i e n t i n g  camera and a t tempt  
t o  c u t  an  o r i e n t e d  c o r e .  F i r s t  o r i e n t e d  c o r e  s t a r t e d  a t  1735 h r s .  
C o r e ' l 7 :  s t a r t  119 '  @ 1735, 12 /2 /78  
end 136 '  @ 0900, 12/3/78 
r e c .  1 5 '  co re ;  most ly  i n  1-1.5' p i e c e s ,  some badly broken 
zones (probably l o s t  2' a t  about  132 ' )  
avg. d r i l l i n g  r a t e  = 52 m i n / f t .  
Core 18: s t a r t  136 '  @ 1055, 12/3/78 
end 166 '  @ 1540, 12/4/78 
r e c .  28.5 '  co re ;  broken a t  bottom. Probably l o s t  1 . 5 '  near  
base  
avg. d r i l l i n g  rare  = 55 m i n l f t .  
Core 19: s t a r t  166 '  @ 1727, 12/4/78 
end 191.5'  @ 0707, 12/5/78 
r e c .  21' most ly  whole c o r e  from 166'  - 173 ' .  Est imated 
2 '  l o s t  between 173.5 and 175.5 ( d r i l l e r s  l o s t  c i r c u l a -  
t i o n  through t h i s  zone).  Core below 175.5'  is  h i g h l y  
broken and f r a c t u r e d ;  most ly  a long  co r ing  induced d i s c  
f r a c t u r e s .  Est imated 3.5 '  l o s t  a t  bottom of c o r e  
(ve ry  r a p i d  d r i l l i n g  through t h i s  i n t e r v a l ) .  
avg. co r ing  r a t e  = 23 m i n l f t .  
Core 20: s t a r t  191.5'  @ 1116, 12/5/78 
end 225' @ 0703, 12/6/78 
r e c .  32 .5 ' .  F i r s t  2.5' of c o r e  were pu l l ed  from b a r r e l  
JUL 111g a l11L clieck @ 1300 h r s .  12/5/78 
most of care e s ' 2 2 3 '  i n  g68d cond i t i on .  Sottom of c o r e  
h i g h l y  broken and pu lve r i zed ,  
average  co r ing  r a t e  = 31 m i n l f t .  
Core 21: s t a r t  225' @ 1110, 12/6/78 
end 245' @ 2209, 12/6/70 
c o r e  b a r r e l  jammed 
r e c .  19 .5 '  mos'tly broken along co r ing  induced d i s c  f r a c t u r e s  
eve ry0 .2 -0 .5 ' .  0 .5 '  c o r e  l o s t  a t  bottom 
average  co r ing  r a t e  = 29 m i n / f t  
Core 22: s t a r t  245' @ 0054, 12/7/78 
end 269' Q! 17/11, 12/7/78 
c n r e  h a r r e l ,  jammed 
r e c .  lG1,most ly  broken a long  co r ing  induced d i s c  f r a c t u r e s  
every 0.2 - 0.5 ' ,  bottom of c o r e  a t  261'; e s t ima ted  
8 '  l o s t  i n  h o l e  
average  co r ing  r a t e  = 39 m i n / f t .  
The lower end of t h e  or-ienti.ng shoe had been ground o f f  where i t  
j o i n s  t h e  main b a r r e l  of t h e  co re  c a t c h e r ,  a p p a r e n t l y  by a  p i e c e  of s h a l e  
which must have wedged between t h e  i nne r  and o u t e r  c o r e  b a r r e l s .  A l . 1  f i v e  
c o r e  c a t c h e r  s l i p s  and a l l  o r i e n t i n g  knives  were l o s t  i n  t h e  h o l e .  The 
d r i l l i n g  crew and Chr i s t ensen  r e p r e s e n t a t i v e s  advised t h e  ISGS f i e l d  team 
t h a t  most of t h i s  m a t e r i a l  was tungs ten  and could no t  be  f i s h e d  ou t  of t h e  
h o l e  magnet ica l ly ,  and was too  sma l l  t o  be  picked up by a  junk baske t .  They 
be l i eved  t h e  meta l  could probably be  ground up w i t h  a  rock b i t  and then  
washed o u t  of  t h e  hole-but i t  would be  imposs ib le  t o  determine i f  a l l  
t h e  p i eces  had been removed and any one of them would r a p i d l y  des t roy  a  
diamond co r ing  b i t .  The s i t e  g e o l o g i s t  c a l l e d  o f f  co r ing  ope ra t i ons  a t  
t h e  t ime (1930 h r s . ,  12 /7 /78) .  DOE was contac ted  and o r d e r s  h e r e  rece ived  
t o  d r i l l  ou t  t o  t h e  base  of t h e  s h a l e  p r i o r  t o  logging  t h e  ho l e .  
D r i l l i n g  commenced a t  2347 h r s .  (12/7/78) and cont inued t o  0639 
h r s .  (1218178). Base of t h e  New Albany Sha le  was encountered a t  approximately 
331 f t .  a s  determined by d r i l l i n g  r a t e  and o n - s i t e  i n s p e c t i o n  of c u t t i n g s .  
D r i l l i n g  cont inued an a d d i t i o n a l  39 f t .  t o  a l low t h e  l onges t  logging t o o l  
t o  be  accommodated below t h e  c o n t a c t .  Driller 's t o t a l  dep th  was 370 f t .  
Mud was mixed and c i r c u l a t e d  through t h e  h o l e  u n t i l  0840 h r s . ,  
12/8/78.  Logging commenced a t  1200 h r s .  The dua l - induc t ion  l a t e r o l o g ,  spontane- 
ous p o t e n t i a l ,  compensated neut ron  p o r o s i t y ,  bu lk  d e n s i t y ,  and gamma.ray l o g s  
were s u c c e s s f u l l y  run t h a t  a f t e rnoon .  A t  1712 h r s .  t h e  s o n i c  t o o l  was l o s t  
i n  t h e  h o l e  wh i l e  r a i s i n g  i t  t o  ground l e v e l .  The u p p e r . c e n t r a l i z e r  appa ren t ly  
caught on t h e  r o t a r y  t a b l e ,  which was 'not v i s i b l e  t o  t h e  winch ope ra to r  on 
t h e  logging t ruck .  The t o o l  broke a t  t h e  weak p o i n t  i n  t h e  logging head. 
It was s u c c e s s f u l l y  f i s h e d  o u t  of t h e  h o l e  on t h e  f i r s t  a t t empt  a t  0500 
h r s . , . 1 2 / 9 / 7 8 .  Logging resumed a t  1000 h r s . ,  a f t e r  r e p a i r i n g  t h e  s o n i c  logging  
t o o l .  The mic ro l a t e ro log  was s t a r t e d  a t  1240 h r s .  The f i e l d  team l e f t  t h e  
s i t e  b e f o r e  logging was comp1eted;with on ly  t h e  f r a c t u r e  i d e n t i f i c a t i o n  l o g  
remaining t o  be run. 
S t r u c t u r e  Map on Base of New Albany 
-.-," .,~.,,.....,...-,.--,.-. ,-.-A,.*.-- .,.> ., . ,... .. ..,.,,,, . . ,  - ,  ,~ - .,--. - 
The r e v i s i o n  of t h e  prev ious ly  publ i shed  geologic  s t r u c t u r e  map on 
t h e  base  of t h e  Devonian b l ack  s h a l e  ( t o p  of t h e  Hunton Limestone Megagroup) 
has been completed. The map was r ev i sed  on t h e  b a s i s  of t h e  r e c e n t l y  
updated Devonian w e l l  f i l e  p r ev ious ly  completed f o r  t h e  DOE p r o j e c t .  The 
updat ing g r e a t l y  i n c r e a s e s  t h e  accuracy of t h e  prev ious  map i n  c e r t a i n  a r e a s  
where ques t i onab le  d a t a  had been used. The , r e v i s e d  map w i l l  appear  i n  f u t u r e  
Survey p u b l i c a t i o n s .  
S t r a t i g r a p h i c  Cross  Sec t ions  
This  p r o j e c t  is e s s e n t i a l l y  complete.  No new c r o s s  s e c t i o n s  have 
heen produced d u r i n g  t h e  p a s t  quarter. Four s i m p l i f i e d  s e c t i o n s  a r e  be ing  
prepared from e x i s t i n g  s e c t i o n s  f o r  i l l u s t r a t i o n  i n  t h e  forthcomi'ng Survey 
p u b l i c a t i o n  d e a l i n g  wi th  t h e  s t r a t i g r a p h y  and l i t h o l o g y  of t h e  New Albany 
Group i n  I l l i n o i s .  
IsoPach Maps 
Most of t h e  format ion  th i cknes s  maps have been submi t ted  t o  d r a f t i n g  
f o r  f i n a l  p r e p a r a t i o n s  a s  i l l u s t r a t i o n s  i n  t h e  forthcoming I l l i n o i s  Survey 
p u b l i c a t i o n  on t h e  New Albany. Fu r the r  r e v i s i o n s  have been made i n  t h e  maps 
of  t h e  Grassy Creek and Sweetland Creek Sha l e s  a s  new d a t a  and new i n s i g h t s  
have come t o  shed l i g h t  on a r e a s  of poor c o n t r o l .  Therefore  t h i s  p r o j e c t  
is e s s e n t i a l l y  complete,  except  f o r  some minor r e v i s i o n s  t h a t  may come from 
new d a t a  o r  from d i s c u s s i o n s  w i t h  our  coun te rpa r t s  i n  Ind iana  and Kentucky. 
The coo rd ina t ion  meeting t e n t a t i v e l y  planned f o r  e a r l y  December 
was postponed u n t i l  19 January  i n  Bloomington, Ind iana .  A t  t h a t  t ime we 
hope t h a t  remaining border  problems wi th  t h e  p o s i t i o n  of  isopach l i n e s  can be  
r e so lved  between Ind i ana ,  Kentucky, and I l l i n o i s .  
Ssmple S t u d i e s  
During t h e  p a s t  q u a r t e r ,  about  35 w e l l  sample sets were s t u d i e d .  
Samples were taken  from each 100 f o o t  interval  f o r  v i t r i n i t e  r e f l e c t a n c e ,  c l ay  
mineralogy,  and chemical a n a l y s e s ,  L i t h o l o g i c  d e s c r i p t i o n s  were compared t o  
geophys ica l  l o g  c h a r a c t e r i s t i c s  and s t r a t i g r a p h i c  c o n t a c t s  were ad jus t ed  t o  
l o g  dep ths .  
I n  a d d i t i o n ,  t o  compare t h e  New Albany Sha l e  w i t h  o t h e r  format ions  
i n  t h e  s t r a t i g r aph ic  column, f i v e  deep w e l l s  were sampled f o r  v i t r i n i t e  r e f l e c t a n c e  
d a t a  and chemical ana lyses .  
This  p r o j e c t  ha s  produced a  g r e a t  d e a l  of v a l u a b l e  in format ion  t h a t  
h a s  enabled us t o  b e t t e r  p i c k  l i t h o l o g i c  boundaries  on geophys ica l  l ogs  and t o  
b e t t e r  e v a l u a t e  t h e  l i t h o l o g y  r ep re sen t ed  by t h e  geophys ica i  log .  Samples f o r  
v i t r i n i t e  r e i i e c t a n c e  have g iven  'a t h r e e  dimensional  c o n t r o l  t o  t h a t  a spec t  
o f  t h e  minera log ic  e v a l u a t i o n  t h a t  would o the rwi se  have been imposs ib le  i f  
w e  r e l i e d  on co res  on ly .  
A l l  necessary  samples have been taken  and c11is aspect  of our  s tudy  
has been s u c c e s s f u l l y  completed. 
L inea r  Fea tu re s  of I l l i n o i s  
A g r e a t  number of l i n e a r  f e a t u r e s  a r e  v i s i b l e  on LANDSAT images, 
Skylab photograph% and a e r i a l  photographs of wes t e rn  I l l i n o i s .  These 
l i n e a r  f e a t u r e s  were i n v e s t i g a t e d  a s  p a r t  of t h e  DOE s tudy  of geo log ic  
s t r u c t u r e  r e l a t e d  t o  p o s s i b l e  gas  r e sou rce  i n  t h e  New Albany Group i n  I l l i n o i s .  
The r e s u l t  of t h e  s tudy  was t h a t  t h e s e  l i n e a r  f e a t u r e s  were g l a c i a l  i n  
o r i g i n ,  formed by p rev ious ly  unrecognized drumlins ,  drumlinized and g l a c i a l l y  
f l u t e d  o r  grooved topography. A s  a  r e s u l t  of t h e s e  d i s c o v e r i e s ,  w e  f e e l  t h a t  
c a r e f u l  e v a l u a t i o n  needs t o  be  made of  l i n e a r  f e a t u r e s  i n  gl.aciated a r e a s  
b e f o r e  assuming t h a t  they a r e  r e p r e s e n t a t i v e  of some under ly ing  bedrock s t r u c t u r e .  
A r e p o r t  on t h e  g l a c i a l  f e a t u r e s  of w e s t e r n  I l l i n o i s  i s  b e i n g  
p r e p a r e d .  S i n c e  t h e s e  a r e  g l a c i a l  l andforms ,  t h e  p u b l i c a t i o n  w i l l  b e  
a d d r e s s e d  t o  t h e i r  g l a c i a l  o r i g i n  and meaning i n  t h e  o v e r a l l  p i c t u r e  of 
g l a c i a t i o n  i n  t h a t  r e g i o n  o f  I l l i n o i s ,  b u t  i t  w i l l  b e  emphasized t h a t  
t h e s e  f e a t u r e s  impar t  a l i n e a r  t e x t u r e  t o  t h e  topography t h a t  cou ld  b e  
m i s i n r e r p r e t e d  as bedrock s t r u c t u r e  by t h e  unwary. 
P u b l i c a t i o n s  
Re inbo ld ,  Mark L. ,  1978, S t r a t i g r a p h i c  r e l a t i o n s h i p s  of t h e  New 
Albany S h a l e  Group (Devonian-Miss iss ippian)  i n  I l l i n o i s :  
U.S. Department of Energy,  Morgantown Energy Technology 
C e n t e r ,  Second E a s t e r n  Gas S h a l e s  Symposium P r e p r i n t s ,  
v . 1 ,  p. 443-454. 
Reinbold h a s  p repared  a n  a b s t r a c t  t o  b e  s u b m i t t e d  f o r  t h e  Ninth  
I n t e r n a t i o n a l  Congress  of C a r b o n i f e r i u s  S t r a t i g r a p h y  and Geology (IXICC) t o  
b e  h e l d  i n  Urbana, I l l i n o i s ,  i n  May 1979. T h i s  a b s t r a c t  is  i n t e n d e d  f o r  t h e  
planned symposium on t h e  M i s s i s s i p p i a n  t y p e  . s e c t i o n  and i t s  c o r r e l a t i o n  t o  
Europe. The Hannibal  S h a l e ,  and its '  l a t e r a l  e q u i v a l e n t s  i n c l u d e d  i n  t h e  Grassy 
Creek S h a l e  a r e  M i s s i s s i p p i a n  i n  a g e .  The a b s t r a c t  is g i v e n  below. 
FACIES RELATIONSHIPS, FORMATIONAL BOUNDARIES, AND TIME-ROCK STRATIGRAPHY 
IN THE UPPERMOST DEVONIAN AND LOWERMOST MISSISSIPPIAN STRATA (UPPER PART OF 
NEW ALBANY SHALE GROUP) I N  ILLINOIS, U.S.A. 
REINBOLD, Mark L. ,  I l l i n o i s  S t a t e  G e o l o g i c a l  Survey,  Urbana, IL  61801 
The New Albany S h a l e  Group and e q u i v a l e n t  s t r a t a  i n  t h e  I l l i n o i s  B a s i n  can 
b e  c l a s s e d  i n t o  f i v e  main l i t h o l o g i e s :  b l a c k  o r  brownish b l a c k  s h a l e ,  g r a y  
t o  g r e e n i s h  g ray  s h a l e ,  c a l c a r e o u s  o r  d o l o m i t i c  s h a l e ,  s i l t s t o n e ,  and 
l i m e s t o n e .  Black s h a l e  predominates  n e a r  t h e  c e n t e r  of t h e  b a s i n ,  whereas  
g r a y ' t o  g r e e n i s h  g r a y  s h a l e  and s i l t s t o n e  dominate t h e  b a s i n  marg ins .  
D e t a i l e d  s t r a t i g r a p h i c  c o r r e l a t i o n s  based on g e o p h y s i c a l  l o g s ,  c o r e s ,  and 
sample s t u d i e s  i n d i c a t e  t h a t  t h e s e  l i t h o l o g i e s  i n t e r g r a d e  l a t e r a l l y  and 
v e r t i c a l l y ,  w i t h .  complex i n t e r t o n g u i n g  r e l a t i o n s h i p s .  Consequnt ly ,  i n  
o r d e r  t o  m a i n t a i n  t h e ' e s s e n t i a l  l i t h o l o g i c  u n i f o r m i t y  of d e f i n e d  format ions . ,  
a r b i t r a r y  v e r t i c a l  c u t o f f s  a r e  c o n v e n i e n t l y  used t o  a d j u s t  f o r m a t i o n a l  
boundar ies  stratigraphically,upward o r  downward, 
V e r t i c a l  ad jus tment  of f o r m a t i o n a l  b o u n d a r i e s  t o  compensate f o r  f a c i e s  changes 
c o m p l i c a t e s  b i o s t r a t i g r a p h i c  z o n a t i o n  and t ime-rock c l a s s i f i c a t i o n  o f  
f o r m a t i o n a l  u n i t s .  The s p a n  o f  g e o l o g i c  t ime  r e p r e s e n t e d  by a  f a c i e s - d e f i n e d  
f o r m a t i o n  i n  t h e  s u b s u r f a c e  n e a r  t h e  c e n t e r  o f  t h e  b a s i n m a y  b e  s u b s t a n t i a l l y  
d i f f e r e n t  from t h e  b i o s t r a t i g r a p h i c  r a n g e  of t h e  f o r m a t i o n  based  on conodont 
s t u d i e s  of o u t c r o p s  a t  t h e  b a s i n  marg ins .  For  example, conodont. work h a s  shown 
t h a t  t h e  dominant ly  g r e e n i s h  g r a y  Hanniba l  S h a l e '  (Kinderhookian)  i n  w e s t e r n  
I l l i n o i s  i s  e q u i v a l e n t  t o  dominant ly  b l a c k  s h a l e  i n  t h e  upper  p a r t  of t h e  
Clegg Creek Member of t h e  New Albany S h a l e  i n  s o u t h e a s t e r n  I n d i a n a .  Although 
s u b s u r f a c e  b i o s t r a t i g r a p h i c . d a t a  a r e  l a c k i n g ,  t h e  u p p e r p a r t  o f  t h e  b l a c k  Grassy 
Creek S h a l e  i n  t h e  deep b a s i n ' c a n  b e  t r a c e d  p a r a l l e l  t o  bedding p l a n e s  i n t o  
t h e  Hanniba l  and upper  Clegg Creek,  and is t h e r e f o r e ,  by i m p l i c a t i o n ,  Kinder- 
hookian i n  a g e .  However, b i o s t r a t i g r a p h i c  s t u d i e s  of t h e  o u t c r o p s  have conf ined  
t h e  Grassy Creek t o  w e l l  w i t h i n  t h e  Upper Devonian. Other  s i m i l a r  problems i n  
s t r a t i g r a p h i c  c l a s s i f i c a t i o n  a r e  s p p s r c n t  i n  t h c  PTew Albany S h a l e  s tudy .  
Work has  progressed  on a  paper which summarizes t h e  s t r a t i g r a p h y ,  
l i t h o l o g y ,  s t r u c t u r e ,  and d e p o s i t i o n a l  environment of t h e  New Albany Sha le  
i n  I l l i n o i s .  Much of t h e  i n i t i a l  rough d r a f t  of t h i s  manuscr ipt  has  now 
been prepared.  P u b l i c a t i o n  a s  a  ISGS C i r c u l a r  is  expected i n  e a r l y  1979. 
MINERALOGIC AND PETROGRAPHIC CHARACTERIZATION 
This  p r o j e c t  i s  d i r e c t e d  a t  c h a r a c t e r i z i n g  i n  d e t a i l  t h e  minera log ic  
and pe t rog raph ic  p r o p e r t i e s  of t h e  New Albany Sha le  i n  I l l i n o i s .  This  i nc ludes  
t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  c h a r a c t e r i z a t i o n ,  by o p t i c a l  and x-ray 
t echn iques ,  of t h e  i n o r g a n i c  minera l  c o n s t i t u e n t s ,  t h e  d i spe r sed  o rgan ic  
m a t t e r ,  and t h e  f a b r i c  of t h e  s h a l e .  The d a t a  genera ted  w i l l  provzde a  funda- 
menta l  b a s i s  f o r  r e g i o n a l  and l o c a l  c o r r e l a t i o n s  of geo logic  d a t a ,  f o r  i n t e r p r e -  
t a t i o n  of t h e  sedimentology,  d e p o s i t i o n a l  environment, d f a g e n e t i c  h i s t o r y ,  and 
f o r  e v a l u a t i o n  of hydrocarbon p o t e n t i a l s  based on t h e  degree  of thermal  matura- 
t i o n  o f  o rgan ic  m a t t e r  i n  t h e  New Albany Sha le .  
L i t h o l o g i c  and Radiographic  C h a r a c t e r i z a t i o n  
Progress  
I n  t h i s  q u a r t e r ,  l i t h o l o g i c  d e s c r i p t i o n s  f o r  samples from t h e  
O l K Y  ( C h r i s t i a n  Co., Kentucky) and t h e  OlIL (Sangamon Co., I l l i n o i s )  co re s  
were r e v i s e d  and modif ied t o  conform wi th  t h e  FY 1978 r e p o r t i n g  format .  The 
d a t a  on t h e s e  c o r e s  were o r i g i n a l l y  r epo r t ed  i n  our  FY 1977 Annual Report 
bu t  s i n c e  then s u b s t a n t i a l  changes have been made i n  t h e  method of tabula-  
t i n g  d a t a .  Some d e s c r i p t i o n s  a l s o  r equ i r ed  mod i f i ca t i on  due t o  more a c c u r a t e l y  
c h a r a c t e r i z e d  m u l t i p l e - l i t h o l o g y  samples.  These r e v i s e d  d e s c r i p t i o n s  a r e .  
p r e sen t ed  i n  Tables  1 and 2.  
Seven samples ob ta ined  t h i s  q u a r t e r  from a  co re  i n  F a y e t t e  Co., 
I l l i n o i s  (10IL) a r e  be ing  processed.  A d e s c r i p t i o n  of t h i s  co re  appeared i n  
t h e  October q u a r t e r l y  r e p o r t .  
The s e l e c t i o n  of supplementary d r i l l  c u t t i n g  samples w a s  completed 
t h i s  q u a r t e r .  The l o c a t i o n s  of t h e s e  samples a r e  l i s t e d  i n  Tables  3 and 4. ' 
Samples through NAS-477 w i l l  be analyzed f o r  c l a y  mineralogy, v i t r i n i t e  
r e f l e c t a n c e ,  t h i n  s e c t i o n  petrography,  and t r a c e  element geochemistry tech- 
n iques  t o  h e l p  de te rmine  geographic  v a r i a t i o n s  of t h e s e  p r o p e r t i e s  of t h e  
New Albany i n  I l l i n o i s .  A few samples from Indiana  and Kentucky a r e  inc luded  
i n  t h l s  group. P rog re s s  on t h e s e  aflalyses is reporred i n  the s e c t i o n s  beluw.  
Samples NAS 478 through 521 were s e l e c t e d  f o r  s t u d i e s  of t h e i r  o r g a n i c  
m a t u r i t y  and they w i l l  b e  d i s cus sed  i n  t h e  s e c t i o n  on v i t r i n i t e  r e f l e c t a n c e .  
Microscopic C h a r a c t e r i z a t i o n  
P rog re s s  
The scanning  e l e c t r o n  microscope (SEM) work is intended t o  provide  
some informat ion  on t h e  g e n e r a l  f a b r i c  and mineralogy of t h e  s h a l e s .  Sha l e  
samples  have been p repared  i n  a  number o f  ways t o  examine d i f f e r e n t  charac-  
t e r i s t i c s :  F r a c t u r e  s u r f a c e s ,  f r a c t u r e ' s u r f a c e s  e t c h e d  w i t h  H C 1  and p o l i s h e d  
s u r f a c e s  e t c h e d  w i t h  HF have been examined. Samples have been  c o a t e d  w i t h  
Au/Pd o r  Au. A number of problems have l i m i t e d  microscope usage  and p r o g r e s s  
h a s  been d e l a y e d .  D e s p i t e  t h e s e ,  a  number of n o t a b l e  c h a r a c t e r i s t i c s  have 
been n o t e d  and a r e  d i s c u s s e d  below. 
F r a c t u r e  s u r f a c e s  which cut'  a c r o s s  bedding p l a n e s  show c o n s i s t e n t  
l i n e a r  t r e n d s  a t  low m a g n i f i c a t i o n  (IOOX) s u g g e s t i n g  a  s y s t e m a t i c  o r d e r i n g  
o f  p a r t i c l e s  ( s e e  P l a t e  1A) . A t  h i g h e r  m a g n i f i c a t i o n s  (500X) , i t  becomes 
e v i d e n t  t h a t .  t h e s e  l i n e a r  t r e n d s  r e s u l t  from t h e  o r i e n t a t i o n  of t h e  c l a y  
f l a k e s .  The r e l a t i v e l y . f l a t  s u r f a c e s  of i l l i t e  f l a k e s  a r e  o r i e n t e d  p a r a l l e l  
o r  n e a r l y  p a r a l l e l  t o  t h e  bedding p l a ~ a s  i l l u s t r a t e d  i n  P l a t e  1B. The 
l i n e a r  f a b r i c  becomes l e s s  d i s t i n c t  when more rounded and subrounded c l a y ,  
q u a r t z ,  f e l d s p a r  a n d  o t h e r  p a r t i c l e s  a r e  p r e s e n t .  The n a t u r e  of t h e  n e a r l y  
f l a t ,  smooth s u r f a c e  of t h e  i l l i t e  f l a k e s  is  i l l u s t r a t e d  i n  P l a t e  1.C. 
Commonly; p y r i t e  f ramboids  a r e  observed .  Smooth, s p h e r i c a l  forms 
have a l s o  been observed a s  . i l l u s t r a t e d  i n  P l a t e  I D .  T h i s  form may b e  a 
d i a g e n e t i c a l l y  a l t e r e d  f ramboid.  Note how t h e  c l a y  f l a k e s  p a r t i a l l y  enve lope  
t h e  p y r i t e  s p h e r e .  Note a l s o  t h a t  some c l a y  c r y s t a l s  o c c u r  i n  a n  i n d e n t a t i o n  
o f  t h e  p y r i t e  s p h e r e .  T h i s  i d e n t a t i o n  may b e  o r g a n i c  i n  o r i g i n  b.ecause 
r e f l e c t e d  l i g h t  s t u d i e s  have demonstra ted t h a t  p y r i t e  may grow and . r e p l a c e  
c e r t a i n  t y p e s  06 o r g a n i c  m a t t e r .  
Dolomite rhombohedrons a r e  common i n  some specimens.  These  c r y s t a l s  
have been  most s u c c e s s f u l l y  observed a f t e r  t h e  specimen h a s  been p o l i s h e d  and 
t h e n  e t c h e d  w i t h  HF a c i d .  P l a t e  1E shows c l e a r l y  t h e .  form and t h e  e t c h  
p a t t e r n  common t o  t h e s e  c r y s t a l s .  Note t h e  c l o s e  a s s o c i a t i o n  o f  t h e  q u a r t z  
c r y s t a l s  on t h e  upper  s u r f a c e  of t h e  rhomb. 
G c c a s i o n a l l y  d u r i n g  t h e  c o u r s e  o f  t h i s  work w e . h a v e  observed  
p a r t i c l e s  s u s p e c t e d  o f  b e i n g  o r g a n i c  matter, such  a s  t h e  one  shown i n  P l a t e  
1F.  T h i s  p a r t i c l e  d i s p l a y s  a  morphol.ogy r e m i n i s c e n t  o f  humic m a t t e r  and t h e  
anomalously low amount o f  x-rays  o b t a i n e d  from i t  s u p p o r t s  t h i s  i n t e r p r e -  
t a t i o n .  It. is probably  one  of t h e  f i b e r o u s  p a r t i c l e s  o f  b i t u m i n  o r  a rare 
form of v i t r i n i t e .  ' F u r t h e r  work .is needed t o  v e r i f y  t h e  i d e n t i t y ' o f  t h e  
o r G n i c  p a r t i c l e s .  
X-Ray D i f f r a c t i o n  Mineralopy and Clay O r i e n t a t i o n  
P r o g r e s s  
Clay mineralogy o f  6 1  supplementary  d r i l l  c u t t i n g  samples  was 
completed t h i s  q u a r t e r .  Data f o r  t h e s e  samples a r e  p r e s e n t e d  i n  T a b l e s  5-7. 
A s  no ted  i n  e a r l i e r  r e p o r t s ,  samples  w i t h  anomalously  low i l l i t e  (<5)  and 
h i g h  k a o l i n i t e  c o n t e n t s  may b e  contaminated by Pennsy lvan ian  s h a l e  c a v i n g s .  
V i t r i n i t e  R e f l e c t a n c e  
P r o g r e s s  
I n  t h i s  q u a r t e r ,  3 1  new samples  have been ana lyzed  f o r  v i t r i n i t e  
r e f l e c t a n c e .  The d a t a  a r e  p r e s e n t e d  i n  T a b l e s  8-10. The d a t a  c o n t i n u e  t o  
s u p p o r t  t h e  t r e n d  of i n c r e a s i n g  r e f l e c t a n c e  t o  t h e  s o u t h  and e a s t  a s  r e p o r t e d  
i n  ou'r September 1978 q u a r t e r l y  r e p o r t .  C o r r e c t e d  v i t r i n i t e  d a t a  are r e p o r t e d  
i n  T a b l e  11. Data  c o l l e c t e d  from t h e  remaining d r i l l  c u t t i n g  samples  i n -  
c l u d i n g  samples  from I l l i n o i s ,  I n d i a n a  and Kentucky s h o u l d  g i v e  u s  a v e r y  
c l e a r  p i c t u r e  o f  t h e  t r e n d s  and p a t t e r n s  o f  v i t r i n i t e  r e f l e c t a n c e .  A p r e l i m i -  
n a r y  i s o r e f l e c t a n c e  map showing t h e  m a t u r i t y  of t h e  New,Albany i n  I l l i n o i s  
was p r e s e n t e d  i n  Oc tober  a t  t h e  Annual Meeting of The G e o l o g i c a l  S o c i e t y  of 
America.  Upon comple t ion  o f  t h e  v i t r i n i t e  r e f l e c t a n c e  a n a l y s e s  j u s t  ment ioned,  
t h i s  map w i l l  b e  r e v i s e d ,  up-dated,  and c o p i e s  w i l l  b e  i n c l u d e d  i n  o u r  n e x t  
r e p o r t  t o  DOE on  t h i s  p r o j e c t .  
A ~ iuu~ber  u1 d a r k  s l ~ d l e s ,  11upeLully v i t ~  i l ~ i  te L e d ~ f l i g ,  were lland 
p i c k e d  from c u t t i n g s  a t  v a r i o u s  d e p t h s  from t h r e e  deep w e l l s  i n  I l l i n o i s .  
T h i s  work,  proposed f o r  FY1979, w i l l  pe rmi t  us  t o  e v a l u a t e  t h e  e f f e c t  of t h e  
r a t e  of i n c r e a s e  of r e f l e c t a n c e  w i t h  d e p t h  ( a n  i n d e x  of t h e ' t h e r m a l  g r a d i e n t )  
as i t  r e l a t e s  t o  t h e  m a t u r i t y  of t h e  New Albany i n  I l l i n o i s .  
Problems 
I n  t h i s  q u a r t e r ,  a number of samples  r e q u i r e d  re-examinat ion because  
o f  anomolous v i t r i n i t e  r e f l e c t a n c e  r e a d i n g s  o r  u n u s u a l l y  h i g h  s t a n d a r d  
d e v i a t i o n s .  
TA3LE 1: REVISED ;ITHOLOGIC CHARACTERIZATION, CHRISTIAN COUNTY, ILLINOIS CORE SAMPLES 
* 
SAMPLE DEPTH FORMATION L I T H O -  X BED G R A I N  MUNSELL L A M I N A T I O N S  B I B -  SVNAERESIS P Y R I T E  NODULES 
NUMSER ( F T )  F A C I E S  TK, S I Z E  COLOR TYPE TK, SPACE TURR, EARLV L A T E  S I Z E  AB, 0 1 3 7  
8 8 8 8 t 8 8 8 8 8 8 8 8 ~ ~ ~ 8 8 8 8 8 8 8 m 8 S 8 8 8 8 8 8 ~ Z 8 8 8 8 8 8 8 8 8 ~ 8 8 8 8 8 8 1 8 8 8 B 8 8 8 8 8 8 8 8 8 ~ 8 8 8 8 B 8 8 8 8 8 8 8 ~ 8 8 8 8 8 8 8 8 8 ~ ~ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 1 8 B 8 8 B ~ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
B / K Y @ l L l  2181.0 GRASSY CREEK SH I V A  1 0 0  TKO 8 N 1 E V T k L  VTNL 64 1 0 - l a  1 8 0  
0 l K Y P l C 1  2182.3 GWASSV CREEK SH I V A  1 8 9  T u n  8 5 V R 2 / 1  E V T k L  VTNL R 1 - 3 0  1 0  BO 
0 l K Y e . 2 L l  2188.6 GRASSY CREEK SH I V A  l a R  I R B  8 S Y R Z / l  E VTNL VTYL m 1 5  1- 1 b 2 5  RN 
0 l U ~ B 2 C l  2191.2 GRASSV CREEK SH I V B  l lnP  TKCI 8 5 V R 2 / 1  E VTNL JTNL F 1 - 3 0  b 2 5  BD 
0 l K Y Q 3 L l  2216.7 GRASSY CREEK SH I V B  I P R  TKB 8 5 V R 2 / 1  E V ~ N L  V T N L  P 2 1 - 1 0  b 2 5  E n  
B l K Y Q S C l  2220.3 GRISSY CREEK SH I V B  I H 0  TKB 8 5 Y R Z / l  E VTNL VTNL R 1 - 2 n  b 2 5  BD 
0 i K Y e u C i  2230.2 GRASSr CREEK SH I 1 0  5C VTNB 8 5 V R 2 / 1  M S ! 1 0 -  0 0 
0 l K Y e 4 C l  G R A S S #  CREE^ sn 1 x 0  sn V T N B  8 S Y U / I  n s J a 2 5  4 -  8 3 BU 
0 l K Y e o L l  2231.0 GRASSt  CREEK SH I I I A  1 0 9  TUB 8 S Y R 2 / 1  DE TNL ML R 2 - 1 0  3 0  BD 
0 i K b n S C l  2240.2 G R A S S I  CREEK sn I V B  5 0  TNB 8 5 V R 2 / 1  E V T k L  TNL R 1- 5 b 3 5  BD 
0 l K ! 8 5 C l  GRASSY CREEK SH SS 5 0  TNB 3 5 v H 2 / 1  MS n 1- 8 s 2 5  Rlu 
0 ) K \ O S L l  2244.1 GRASSY CREEK SH I V B  lam TKB 8 5 Y R 2 / 1  E V T k L  TNL 0 1- 3 ~ 2 5  BD 
0 1 K l s B b C l  2250.0 SMEETLAND CR,SH 1 1 0  IUGI TKB 8 5 Y 4 / 1  US 4 * 2 5  2- 5 2 0  BU 
0 1 K V Q b L l  2255.4 SdEETLAND CR,SY I I B  1 0 0  TKB 8 5 Y 4 / 1  HS 4 '25 2 - 1 0  2 0  BU 
0 1 ~ ~ 0 7 ~ 1  2260.3 SWEETLAND CR,SH 1114 IRR T U B  8 5 V H 2 / 1  E VTNL ML A 3 - 2 0  2 0  BD 
~ i ~ r a 7 ~ i  2263.7 S W E E ~ L A N O  CR,SH 1 I l b  7 8  TNB b 5 Y R 2 / 1  w I,L n L  m 1 0 - 1 2  2 BD 
0 l & Y P I 7 L 1  SKEETLANO CR,SH I I I P  3 B  TNB I Y 1 DE ?NL 0 5 2 -  5 5 RN 
HL 1 0 l U V 0 B C l  2270.3 S W E E T L A N D C R ~ S M  I I I L  1 0 0  7KB 8 5 Y R a / 1  EN TNL T K 1 0  1- a 1 5  Bb 
0 l Y Y 0 8 L l  2273.5 S*EETLAND CR,SH I 1 6  1klU TUB 8 N2 nE VTNL T K L  1 s 2 5  1- 5 > 2 5  RN 
0 l K Y 0 9 C l  22E0.0 SVIEETLAND CR,SH I I I A  10O TKB 8 5 Y R 2 / 1  DE TKL T K L  1 2 0 1 - 4  1 5  RN 
0 l U Y l C 4 L l  2287.8 SVEETLANI) CR,SH 1 1 1 0  1 A 0  TKB 8 5 V R 2 / 1  DE TNL T k L  R 5 1 - 5  1 5  BD 
0 1 K Y l R C l  2290.8 SWEETLAND CR,SH 1 1 1 8  1 @ 0  TKB 0 5 Y 2 / 1  E VTNL TNL G * 2 5  1 - 2 8  b 2 5  BD 
0 l K Y l l L l  2292.9 S W E E T L A ~ D  CR,SH 1 1 8  6 0  TYU 8 5 Y R Z / l  HS 3 2 A 2- 0 2 8  t)U 
0 l K Y l i L l  SWEETLAND CR,SH 1118 a 0  TNB 5 Y R 2 / 1  E VTNL TNL I 1 5  1- 3 1 0  RN 
0 l K Y l l C l  2299.8 SWEETLAND C4,SH I I I A  1 0 9  TKt) 8 5 Y R 2 / 1  E T Y L  TNL A I- a 25 BD 
0 l ~ ~ l l ~ l  2310.5 BLOCHER SH, I V B  10R TKB P 5 V R 2 / 1  E VTNL VTNL R 1- 4 2 0  BO 
0 1 K Y 1 2 L l  2311.1 PLOCHER sk. I V R  1 R b  TK8 8 5 v R 2 / 1  E VTNL VTML 0 1-11 s 2 5  0 0  
0 l K Y i 3 L 1  2312.6 BLOCHER SH, I V A  1 R e  T K 8  8 5 Y R 2 / 1  E VTNL VTNL R 1- 5 2 0  Bn 
0 1 K Y 1 3 C l  2318.6 BLOCHER SH, I V A  1 0 0  T K O  8 N 3  E V T h L  VTNL R 5 - 2 0  1 0  uo 
8 8 8 ~ B 8 8 8 8 8 ~ 8 ~ 8 8 ~ ~ ~ 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 D I O , S 8 8 m 8 a 8 8 8 8 E 8 8 8 8 8 8 a 8 8 8 8 8 8 S 8 8 8 8 S 8 8 ~ 8 8 8 8 8 8 8 8 8 8 8 8 1 8 8 8 8 8 8 8 8 8 8 8 8 B 8 8 8 8 8 E 8 8 S 8 8 ~ B B B 8 ~ 1 E 8 8 8 # 8 8 ~ 8 8 8  
* Depth ( t o  t o p  of sample) below logging r e f e r e n c e  at 548 f t .  above mean s e a  l e v e l .  
COWMN HEADINGS AND P.BBREirIATIONS: 
L i t h o f a c i e s :  C l a s s i f i c a t i o n  of Harvey et d l . ,  1977. 
% : Percen t  of t o t a l  sample r e? re sen ted  by desc r ibed  l i t h o l o g y .  
Bed Tk. : Bed th i ckness .  TKB=thick bzds,  >30 cm; MB=medium beds ,  10-30cm; TNB=thin beds ,  1-lOcm; VTNB=very t h i n  beds ,  <1 cm. 
Grain  S i z e :  Average g r a i n  s l z e  of rock .  i n  0 u n i t s .  
Laminat ions ,  type:  E=even, p a r a l l e l ;  DE=discol t inuous ,  even p a r a l l e l ;  DWN=discontinuous, wavy, non-pa ra l l e l ;  MS=massive, nonlarninated.  
Laminat ions ,  t k :  Thickness  of laminae.  VTKL=very t h i c k ,  >30mm; TKL=thick, 10-3Omm; ML=medium, 3-10mm; TNL=thin, 1-3mm; -=very t h i n ,  <lmm. 
Laminat ions ,  space :  Spacing of laminae; same a S b r e v i a t i o n s  a s  f o r  t h i ckness .  
- Bioturb:  B io tu rba t ion .  6 = t o t a l l y  b o i t u r b a t e d ;  5=very s t r o n g l y  b i o t u r b a t e d ,  but  bedding is v i s i b l e ;  4as t rong ly  b i o t u r b a t e d ;  3=medium 
b i o t u r b a t e d ;  2 = ~ e a k l y  b i o t a r b a t e d ;  l=sporad ic  burrows; O=no b i o t u r b a t i o n .  
P y r i t e  nodules ,  s i z e :  S i z e  range i n  mm. 
P y r i t e  nodu le s ,  d i s t . :  D i s t r i b u t i o n  of nodules .  BD=along bedding; BU=burrows; RN=random. I 
P y r i t e  nodules ,  ab . :  Abundance of nodules ,  a s  r ep re sen ted  by approximate number counted on radiograph.  
TABLE 2 - =VISED LI'IHOLOGIC CHARACTERIZ4TION, SANGAMON COLTNTf, ILLINOIS, CORE SAMPLES 
SAMPLE DEPTP FORMATION ~ r r l n o -  x .IED GRAIN MUNSELL LAMINATIJ.~S BIB- SYNAERESIS PYRITE NODULES 
NUMBER (FT 1 f A C  IES TK, S I Z E  COLOR TYPE TK, SPACE TURB, EARLY LATE S I Z E  AB, OIST 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 ~ ' ~ 8 0 8 8 8 8 8 ~ 8 8 I 8 8 8 8 8 8 8 8 8 ~ D 8 8 8 0 ~ 8 8 ~ ' I ~ 8 8 : 8 8 8 8 8 8 8 8 8 8 8 8 ~ 8 8 # 8 8 8 8 8 8 8 W 8 8 8 8 8 8 8 ~ B ~ l : ~ 8 8 ~ 1 ~ 8 8 8 8 8 8 8 ~ 8 8 ~ 8 8 8 8 8 8 8 8 8 8 # 8 8 8 8 m ~ ~ 8 8 ~ S 1 8 8 8  
@ l I L 0 l L z  1576.0 MANNIBLL .9W, 18 .. l P @  TKB h 5 ~ ~ 4 1 1  MS 5 6- A 0 
BIILBSLI 1589.4 WANNIBAL IB I H ~  TKB 6 s ~ v a t i  u s  5 0 -  n 0 
BIILBPLI 1602.0 HAYNIBAL sn, IR 1 1 0  twa 6 5 G v a / l  M s 5 2 - 1 6  s BU 
0 1  I L B S L I  1615.1 UANNIBAL SUB I B l R 0  1 x 4  6 SGV511 MS 5 - 6  5 BU 
)--L 
N B l I L B b L l  1619.5 HANNIBmLL SH, I B lee YKBO 6 s c ~ a / i  ns 5 1 0  I- 1 s BU 
BIILBIL~ 1631.6 WANNIBJL sn. :I B l B 0  IKIB, 7 s tvu11  MS 5 0-  B 0 
BIILB~LZ 1633.9 * G L E ~  P A R K "  FC, DOL 7 s n 8. 8 5 ~ 6 1 1  ns 6 0- 13 A 
BIILB~LO *GLEN P A R R "  F C ,  1~ 2 5  INB; R . s G v ~ / ~  ns 6 0- 0 0 
B~ILBPLI 1647.4 S A V E R V O N  SW. I A L'RR IKB 8 s t v a / i  ns 5 1 5  2- a 7 BLJ 
B l I L A P L Z  1656.2 IAVERT'ON SH. I A L O 0  TUB 8 S G Y a / l  MS 4 5 1 - 7  ' 5  Rk 
B l I L l B L l  1678.6 . SAVERTON 3". I 1 0 0  TUB 8 5Y2/ !  DEN VTNL TRL 4 3 1- 5 1 0  0 0  
~IILISLI 1688.0 S A V E R T ~ O ~  sn. A 1 0 ~  TUB B S Y Z / I  EN TNL TUL 3 1- 1 2 5  BD 
@ l I L l P L l  1698.2 GRASSY CREEK SW f I I A  6 0  TNB 8 5VR2/1  OE T k L  HL 2 2- 5 2 0  BD 
~ I I L ~ ~ L I  GRASSY CREEK SM :IA UB i k e  8 SGYQII ns 5 2-10 s BU 
B l I L l b L l  1723.4 GRASSY CREEK SM i V A  l A 0  TUB 8 NZ E VTHL TNC A 1- a B25  0 0  
8 1 I L l B L l  1749.2 GRASSY CREEK 5W :VA ,EBB TUB 8 5 Y R Z I l  E TVL 'TUC 4 2- 1 0  5 RN 
B l I L l P L l  1753.5 GRASSY CREEK SH ZVA N00 TUB 8 I 4  2 E VTh'L TNL 0 1 2 0  Bo 
0 1 1 L 2 0 L 1  1763.3 SWEETLANO CR,SH I 1 1 4  5 0  ThB 8 5VRP71 E TNL TNL A 2 - 5  1 5  BD 
B l I L Z A L l  SWEETLANO CR,SH I A  5 0  ThB (I SGY511 M S . 5  p 2 S  0-  61 0 
8 8 * 8 8 8 8 8 8 8 8 8 8 8 8 B 8 8 ~ 8 8 8 8 8 ~ S 8 8 8 S 8 ~ 8 8 8 D 8 ~ 8 8 8 8 ~ 8 * 8 D . 8 . ~ ~ 8 8 8 ~ 8 ~ 8 8 8 8 8 8 8 8 8 8 8 S W 8 8 I I 8 8 8 8 8 I 8 8 l 8 ~ ~ 3 # B 8 B 8 8 8 8 8 8 # 8 8 E 8 8 8 8 8 8 8 8 8 8 8 8 8 ~ 8 8 8 D 8 8 8 8 8 ~ 8 8 ~ 8  
* Depth ( t o  t o p  o f  sample) be low logp;ng re fe rence  a t  5 9 5 9 f t .  above mean sea l e v e l .  
See T a b l e  1 for column heading€ and abbrevia:ions. 
' 
TABLE 3 - LOCATION OF NEW ALBANY SHALE (NAS) SARPLES TAKEN FROM 
NELL CUTTINGS I N  ILLJNOIS (Note t h a t  s e v e r a l  samples 
werc t aken  f rom a s i n g l e  w e l l )  
Sample Numbers 
































































So. Ill. Oil /I1 Mearns 
Juniper Petrl. 12x-32 Gerth 
Dunnill /I1 ~ujawa 
B. Hall 81 Wehling 
Pinkston 81 Blessman 
Amoco Prod. /I1 .Kolweier 
Juniper Petrl . #24x-27 Kubiak 
Anschutz #l Elgenrauch 
Pure Oil '/I3 Billington 
Nation Oil /I1 Van Fossan-Brown 
Texaco NCT-1 Fuhrer 
Collins Bros.' /I1 Hill 
SavageIZephyr /I1 Sprague 
Union Oil /I1 Cleveland 
Humble Oil /I33 ~usiek-~rawiord 
Texaco Walters 
Kewanee Oil #l Eula 
Atlantic Richfield 877 Lewis 
Allspach /I1 Park 
Hill /I1 Haynes 
Williams /I1 Austin 
Texas Pacific /I1 Wells 
Texota Oil #1 King 
So. Triangle Oil #D2 Zimmerman 
Centrl. Ill. Light BC18 Cilco 
Peoples Gas /I1 Condit 
Franks Petrl. #1 Wagner 
Keystone Oil /I1 Woomer-Campbell 
Corley 81 Miller 
Energy Prod. #G-1 Arterburn 
Brehm /I1 Lambert 
Bell #1 Miller 
Doheny /I1 Arnold 
Slape Drilling #l Kincaid 
K Oil /I1 Mehler 
W.Drilling 81 Brown 
Ill. Oil Invest #l Mallory et al. 
Texaco #I '~c~andlish 
Peoples Gas #l Lamb 
Jones-Simpson Drill. bl Steele- 
Moss 
Wansan Petrl.. /I1 Sims 
Energy Res. /I1 Niemerg 
Kewanee Oil #l .Wellen 
Shell Oil #4. Mohave 
Texaco /I1 Cuppy . . ' 
TABLE 3 - ( ZONT INUED 
Sample Numbers 
(NAS- ) County 
I r o q u o i s  
I r o q u o i s  
J a s p e r  









P i a t t  
sangamon 
Ssngsmon 
Verni i l l ion 
Vermi l l ion  




Wil l iams 












F a y e t t e  
F'ayette 
Franlcl i n  
EL auk1 i l l  












Plon t gomer y 
Well. Name 
Peoples  Gas # l  Mumm 
Peoples  Gas /I1 Keen 
T o t a l  Leonard /I1 Thoele 
J u n i p e r  P e t r l .  833x-32 Hayse 
She l l en ske r  D r i l l .  81 Seward 
S tocker  & S i t l e r  / I1  Suess  
Brehm D r i l l .  /I1 Behnke 
Highland O i l  /I1 Hobbs 
Bur-Kan P e t r l .  /I1 Chipman 
Zimmerman /I1 McLean Co. 
Union H i l l  Gas # 1  Bozarth 
Garland & Hoover /I1 Green 
Union H i l l  Gas 81 Buchan 
Corley ill Andersun 
Caney O i l  /I1 Eugelle 
A l l i e d  Chcm. A 1  l i ~ d  C h ~ m .  
Peoples  Gas Layden 
Peoples  Gas ill Swanson 
Haley Prod. /I1 T ra ino r  
Brehm D r i l l .  8 1  H a r r i s  Uni t  
Crown 11 Mine (Penn. samples) 
Amax-Delta Mine (Penn.samples) 
Eagle  S t r i p  Mine (Penn. samples) 
Texas Co. /I1 Syber t  
Beat t y i l ~ozdeck  
Peoples  Gas !I1 Tracy 
Vickery D r i l l i n g  Co. B-0-1 
Fanchot #A-1 E l l i o t t  
Southern %TI, O i l .  Prod.  / / lFa ther .  
S t e e l e  i l l  Leak 
Union O i l  of C a l i f . / / l  Molcr 
H a r r i s  /I1 Lewis 
Cabot Corp. U2 Cabot-Tuscola 
Joe  Beckner D r i l l .  111 J i v i d e n  
Brehm /I1  I r e l a n d  
S h e l l  O i l  !I1 Ford 
S h e l l  O i l  a19 c.w.'& F. Coal 
Gal lagher  #1  Z e i g l e r  Coal 5 Cokc 
Texaco 111 U.S. S t e e l  
Crammoc dl DLckuruuu 
Texaco /I1 Harsha 
National  Assoc.Pet ,Cot 8 1  Havs 
C r y s t a l  O i l  Co. /I1 S to r ey  
Calverc  D r i l l ,  i l l  Blackburn 
Texas P a c i f i c  O i l  /I1 F a r l e y  
I l l i n o i s  Power G-2 
Corley 81 Hill. 
Wright # l  Thoron 
T o t a l  Lconnd //I-25 Lane 
Mobil O i l  Co. /I1 Dewerff 
P h i l l i p s  Pe t .  Co. #5 Farmersvl.  
TABLE 3 - CONTINUED 
Sample Numbers 
(NAS- ) County Sec-T-R Well Name 
Morgan 
M o u l t r i e  
P e r r y  
P i a t t  
S a l i n e  
S a l i n e  
Shelby 
Shelby 





C r i t t e n d e n ,  Ky 
Johnson 
Union 
C l i n t o n  
J a s p e r  
Mason 
Montgomery 
P e o r i a  
P i k e  





P u p r  
Panhandle  E. P i p e  L i n e  Co. #7-15 
Lf i i t e lock  
Felmont O i l  Corp. 81 Ware 
T o t a l  Leonard I n c .  81 P i c k  
Texaco # l  I r e n c h a r d  
P a r k e r  81, P a r k e r  
Brehm D r i l l .  & Prod. /I1 Ozment 
Energy Resources  of Ill. /I1 Gregg 
T o t a l  Leonard I n c .  /I1 Engel 
C e n t r a l  Ill. L i g h t  # l  Ruther ford  
T o t a l  Leonard I n c .  /I1 Engel 
Fry # l  H i l l  
L u t t r e l l  /I1 F e t h e r l i n g  
N a t i o n a l  O i l  Co. # l  Granger 
S h e l l  O i l  /I1 Davis 
Outcrop sample (Penn. ) 
Outcrop sample (Penn. ) 
Anschutz 8 1  Schroder  
Pure  O i l  Co. #A-5 Honey 
Engelke /I1 Woodrow 
C a l i f .  Co. /I1 Schmidt 
. P r e n t i s s  # l  Coon 
A. W.  Neal Co. /I1 Crump 
Texaco /I1 S c o t t  
Kerwin /I1 Wrench 
Brehm ill  Reinwald 
Kingwood O i l  /I1 McWhorter 
Texaco 81 Cuppy 
'rexas P a c i f i c  i)1 S t r e i c h  Comm. 
T A Y L E  4 - L O C A T I O N  OF NEW A:1'33ANY S H A L E  ( N A S )  SAMPLES O B T A I N E D  
PilGP/: 11ELL C U T T I N G S  I N  I N D I A N A  ( C o u r t e s y  o f  t he  
I:,ltl isna G e o l o g i c a l  S u r v e y )  
Sanple Wunbers 
(NAS- ) County .r,ac...'T-z Eoz Iiunbers 
Daviess . 
Spencer 
Fonta in  
Lawrence 
Mart i n  
S u l l i v a n  
PO sey 














TABLE 5 - CLAY MINERALOGY, DRILL CUTTING SAMPLES 
Sample 
Number I l l i t e  Expandab le s  K a o l i n i t e  C h l o r i t e  
NAS - 034* 
037* 












3 4 1  
34 9 
" ' rev ised  data ( o r i g i n a l  d a t a  r e p o r t e d  i n  t h e  O c t o b e r  1978 r e p o r t ) .  
TABLE 6 - CLAY MINERALOGY, DRILL CUTTING SAEPLES 
(.:I ays (partsllo) 
Samp 1.e 
Number Illite Expandables Kaolinite Chlorite 




























TABLE 7 - CLAY MINERALOGY, D R I L L  CUTTING SAMPLES 
S A V P L C  D E P T H  I L L  C H L  K A U  t iXP 
NUMBER 
C t = C ~ Z = ' = X O P = X Z t t 8 3 t = = Z = = Z 8 = Z = = f Z = = Z O O t O O X = = Z V :  
NAS- B 3 U  5.d 2.m l 4 . Q  3.61 
NAS- t137 5 . 5  ? 2 . 5  
NAS- PB5 '5.2 3 . 9  Q,R 
NAS- o9V 6 . 5  1.5 8.m ?,5 
NAS- p192 6.M 1 . 5  - 5  2 . M  
NAS- 1 0 4  H.5 , 1  P . 8  1.5 
1 ~ 4 s -  i i n  4 . 5  2,v ,s 2 , s  
N4S- 1 1 1  4 .  1.5 1 3.5 
NAS- 1 1 4  6.5 .5 . S  2 . 5  
NAS- 1.15 b o d  1.5 , S  2 . 5  
NAS- 116 6 ,  1 . 5  . ? , 5  
NAS- 1 1 7  Hob? . 1  # * w  ? .O  
NAS- 1 1 9  7 . 5  . I  V e t A  ? , 5  
NAS- l Z @  7 . 0  1 .  v 2 . 5  
NAS- 121  6 . 5  1 4 ? ,b)  
NAS- 1 2 3  I 6.5 , 5  a 2 . 5  
NAS- 125  7 , @  . 1  t9.g 3.m 
NAS- 126 8 . M  ,I , 2.M 
NAS- 129  7.M , 5  1 .  2.B 
hAS- 1 3 M  5 1 . 3  , I  4 . P  
TABLE 8 - VITRINITE REFLECTANCE, DRILL CUTTING SAJWLES 
Sample N u m b e r s  
Ro (%) S t d .  
(NAS- ) . R e a d t n g s  A v e r a g e  D e v i a t i o n  
TABLE 9 - --RANDOM VITRINITE REFLECTANCE, DRILL CUTTING S M L E S  
hp  I SAMPLE N k  ST^ PERCENT V I T R I N L T E  I N  EACH REFLtCTANCE CLASS V I T R A I N  
NUMEEW NUMBER 0 DEV *,25 ,30 ,35 ,a@ 45 ,50 ,55 ,be ,b5 ,7@ ,75 ,88 ,BS ,OR ,95 1,P >1 RAND 
a a a a a a a ~ a a a a a a ~ ~ a a a a m a m a m a a a a a ~ a m a m a a a a a a m a a a m a a a m a ~ ~ a a a a ~ a a a a ~ a a a m a a a a a a a a a a m a a a a a a a a a a a ~ m a a a m a a a a a a a a a a a a a a a a a a a a a a a a a a a a m a  
1218526176  AS 131 35 ~ 6 2  a Ql7 a m e m  1 9 9 i a i a 3 7 1 ~  A R  P A  R G I  
1203530012 MAS I Q 6  30 ws9 ,a7 A 0 A 0 3 T 2 0 3 A 2 3 1 m  3 3 0 E R I P 
1284922476 NAB 188 46 wSb w 86 L @ A  R 1 1 5 3 0 3 3 1 1  7 4 A B R U a @ 
1106501276 &AS 8 6  27 w7@ an9 ~ 0 1 ~ ~ ~ 0 1 ~ 1 1 3 7  7 1 1  ~ I S R P A  
12BbSB07b0 NAS 19R 43 wbB ,@a A B R P  R 2 1 ? 2 1 2 6 1 9  7 9 5 B  R A 
1287508996 NAS 196 40 52 w 3 1 5 2 5 2 ~ 1 ~ 1 5  5 R R R A 9 H a  
i207S81015 NAB I F 8  51 ,a0 e r n ?  9 e 0 1 @ 2 5 2 6 4 2 5 2 ~  A n e a A n 0 e t a  
i20792257b NAS 2Rl 42 e75 *a9 B P R R R  0 5 1 ~ 1 4 2 1 2 6 1 2  T 2 2 A 
2806192946 NAS 285 51 , bb w 18  A A A L I B 6 1 2 2 9 2 9  A 4 6 6 R R e 
1 2 l @ l a ~ ? 9 0  M ~ S -  50 w57 q @9 A R A 2  b 1 4 1 6 1 6 l R l U  h 4 1 B P rn 0 
m ~ a a a a a 8 a 1 ' ~ a a . ~ 8 ~ a m m a a a ~ a a m a a a 8 ~ a 8 a a a a 8 m a a a a a m a a a a a a m ~ a 8 a a a a a a a ~ a 8 a a a a a a a a a a a a = a 8 a a a 8 a a a s a s m 8 a a a 8 a a 8 a a a a a a a a a a a a a a 8 a s a a 8 a a ~ 8 a a 8  
TABLE 10-  MEAN-RANDOM VITRINITE REFLECTANCE, DRILL CUTTING SAMPLES 
API SAMPLE !d C. srn P E R C ~ Y T  VITRIMITE 1 k  EACH REFLECTANCE CLASS VITRLIN 
NUMBER kUVBER R DLV d,L5 ,3V ,35 , h n  ,a5 ,541 ,55 .he ,b5 ,7R , ? 5  ,-8R ,85 ,901 ,95 1 ,9 *>1  RAND 
~ a a a ~ m a a a a a a a m a ~ a a a a ~ a a ~ a ~ t ~ ~ c a m a a a ~ t ~ a a a m a a 8 a a ~ a a a a a ~ a ~ v a m ~ a a a a a a a = a a w a a a a a a a a a a a a ~ a m s a a a a ~ a a a a a e ~ a a a a a a ~ m ~ a a ~ a a ~ a a a a a ~ a a a a a  
R, 1201981421 N A S  i s ?  a1 ,us ,a6 n M S ~ ~ I P U ~ ~ O  5 m n R A P ~ t a  p 
1801Q2Z776 kA8  1114 5@ l 52 W F B  9 4 , B  6 1 8 2 2 3 2  A 1 4  6 2 R 64 A A F 01 
lEb25Pl107 MAS 143 36 * 53 l p9 R P m 3 1 1 3 1 1 7 1 1 U  8 3 R A I R 
lZA2922459 h A s  151 48 .bZ . l a  A @ A @ @  ~ 1 3 2 5 2 5  6 a a n @ n n  
12B25UllQ7 A S  lnh  Ud w63 .oh P A B P n 2 7 2 ~ 3 3 2 2 5  9 5 e rn A R R 
1 2 0 ~ 9 2 2 ~ ~ ~  srs  155 zu ,541 ,07 n n ~ a 3 1 3 3 1 t a l  a P R G R R R  
1283369524 A S  156 27 e49 ,P7 ~ P ~ I 1 1 1 2 b 3 R l l  a 4 1 B  R P m v  
1 ~ 8 3 3 # 2 4 q 8   AS lb?  46 *55 e R 64 b z 7 1 5 3 3 2 ~  7 1 1  7 fl n R GI @ @ 
1 2 8 3 9 1 ~ 3 9 1   AS 173 50 ,49 ,A7 A R m i i 2 3 4 i b ~ ~  A n e P e GI R n 
lSa45PA96b NAS 177 31 l 5P wnb A I A 3 1 3 3 5 2 6 1 9  3 8 A R s w a R 
a u a a a a ~ a a a a ~ a a ~ m ~ ~ a a ~ ~ a a a a a ~ a a a a a ~ a a ~ a a a a a a ~ a ~ a a a a a ~ a s a a c m a a a a a a a ~ ~ a a ~ ~ a a a r a a ~ a w a a a ~ a a a a a c a a a a a a a ~ a a a a a a a a a a a a a a a a a a a ~ a ~ a a ~ a a  
TABLE 11 - CORRECTED MEAN-RANDOM VITRINITE REFLECTANCE, DRILL CUTTING SAMPLES 

PLATE 1 - SCANNING ELECTRON MICROGRAPHS 
A. Fracture surface  c u t t i n g  ac ross  t h e  bedding planes. Linear f e a t u r e s  
r e s u l t  from c l a y  f l a k e  o r i e n t a t i o n  p a r a l l e l  t o  bedding. OlKY2PL1,a sample 
\ % ! c 5  fractured a t  2.09 mega pascals  i n  t h e  point  load t e s t ,  magnified 1 l O X .  
B. Photomicrograph looking down onto bedding plane surfaces  exposed by 
f rac tu r ing .  Rela t ively  f l a t  surfaces  of i l l i t e  f l a k e s  a r e  v i s i b l e .  
OlKYOlLl , magnified 510X. 
C. Photomicrograph of t h e  su r face  t e x t u r e  of an i l l i t e  f lake .  OlKY06C1, 
magnified 2290X. 
D. P y r i t e  sphere surrounded by c l a y  f l akes .  01KY03L1, magnified 220X. 
E. Dolomite rhombohedron with associa ted  quartz.  Sample 041L30C1, polished 
and etched with HF ac id ,  magnified 1160X. 
F. Organic p a r t i c l e .  Sample 04IL38C1, polished and etched with HF acid ,  
magnified 207 OX. 
PHYSICAL CHARACTERIZATION 
Int roduct ion 
The p r o j e c t  is a study of t h e  index p roper t i e s ,  d i r e c t i o n a l  prop- 
erties, and s t r e n g t h  of o r i en ted  core  of Devonian black s h a l e  from t h e  
I l l i n o i s  Basin. Index p roper t i e s  inc lude moisture content ,  s p e c i f i c  g rav i ty ,  
bu lk  dens i ty ,  and Shore hardness. Di rec t iona l  seismic v e l o c i t i e s  w i l l  be 
determined with an  a c o u s t i c a l  bench. Strength tests include po in t  load 
f r a c t u r e  s t r e n g t h  and i n d i r e c t  t e n s i l e  s t r eng th  (Braz i l i an  s p l i t ) .  Fracture  
frequency, d r i l l i n g  r a t e ,  and core  recovery a r e  a l s o  compiled a s  an add i t iona l  
mechanical index. 
Resul ts  
Summary 
Physica l  t e s t i n g  of o r i en ted  cores O l K Y ,  02IL, 04IL, and 06IL is 
complete. Point  load test r e s u l t s  f o r  core 06IL a r e  presented t o  update a map 
showing point  load f r a c t u r e  frequency and loca t ion  f o r  each of t h e  t e s t e d  cores 
( f i g  1). A comprehensive repor t  of physical  index p roper t i e s  f o r  co re  OlKY is 
presented i n  Table 1. 
Core l l I L  Progress 
Processing of core  l l I L  from Hardin Co., I l l i n o i s ,  is under way. 
Prel iminary i n v e s t i g a t i o n  has  i d e n t i f i e d  severa l  f e a t u r e s  of importance t o  t h e  
physica l  charac te r i za t ion  of t h e  core.  The most apparent f e a t u r e  of t h e  core  
is t h a t  i t  is no t  i n t a c t  rock. Natural  f r a c t u r e s  occur throughout t h e  core. 
Two d i s t i n c t  f r a c t u r e  sets c u t  ac ross  t h e  bedding and a t h i r d  dominant or ienta-  
t i o n  of n a t u r a l  f r a c t u r e s  occurs p a r a l l e l  t o  t h e  bedding. Fractures  p a r a l l e l  t o  
t h e  bedding probably represent  r e l i e f  t o  a stress normal t o  t h e  bedding. This 
type  of f r a c t u r e  response may have been enhanced by t h e  ca r ing  operaliun. 
Various s u b v e r t i c a l  f r a c t u r e s  at o the r  orfenta t iof is  are caman. Secondary 
m i n e r a l i z a C i ~ n  i s  comop along f r a c t u r e  sufaces.  Minor auto-breccias and off-  
set bedding i n d i c a t e  displacement and f a u l t i n g  along f r a c t u r e s .  
It is an t i c ipa ted  t h a t  f r a c t u r e s  and f r a c t u r e  r e l a t e d  i r r e g u l a r i t i e s  
w i t h i n  t h e  rock w i l l  c o n t r o l  t h e  rocks mechanical behavior. The core does not  
con ta in  two-inch i n t e r v a l s  of i n t a c t  rock required f o r  mechanical test 
specimens, due t o  t h e  dens i ty  of f r a c t u r e s .  The extent  t o  which minera l iza t ion 
has  healed f r a c t u r e s  is not  known. For t h i s  reason a d e t a i l e d  s t r u c t u r a l  
d e s c r i p t i o n  of t h e  core  is being emphasized. Modifications of mechanical 
t e s t i n g  procedures may b e  necessary. 
The d i f f i c u l t y  of o r i e n t i n g  core  i n t e r v a l s  of poor rock q u a l i t y  is 
remedied by o r i e n t i n g  t h e  core  r e l a t i v e  t o  t h e  s t r i k e  and d i p  of t h e  bedding. 
The s t r i k e  and d i p  of t h e  bedding, measured by a core  o r i s n t i n g  device over 
r e l a t i v e l y  i n t a c t  i n t e r v a l s  of core ,  is approximately 143 112' NE. 
Shore hardness values  f o r  t h e  l l I L  core are s i g n i f i c a n t l y  higher 
than va lues  obtained on previously t e s t e d  Hew Albany Shales of t h e  I l l i n o i s  
Basin. Adjusted values  range from 60 t o  120. 
O Z A R K  
D O M E  
Fig. 1 Summary of point testing results for cores OlKY, 02IL, 04IL, 06IL. 
Frequency of point load fractures is plotted on map showing loca- 
tions of rest cores and wells used in this study. Contours show 
elevation (in feet) of the base of the New Albany Shale Group 
(after Swann and Bell, 1958, Fig. 2) 
Explanation of Table 1 
Resu l t s  a r e  repor ted  f o r  d a t a  sets of core of approximate 10 
f o o t  lengths  which correspond t o  d i v i s i o n s  of t h e  core  t h a t  a r e  used i n  
assoc ia ted  p r o j e c t s  i n  t h i s  inves t iga t ion .  Point  Load Strength Index 
va lues  a r e  not  included i n  t h e  t a b l e  because average values computed from 
ind iv idua l  tests a r e  not  r epresen ta t ive .  This is due t o  t h e  extremely 
v a r i a b l e  f a i l u r e  behavior exhibi ted  by d i f f e r e n t  point  load samples. 
Tens i l e  s t r e n g t h  values  i n  Table I are BltaeiliatI s p l i t  r e s u l l s .  
An add i t ion  t o  point  load f r a c t u r e  frequency r e s u l t s  f o r  t h i s  
co re  is shown i n  Table 1. A numerical " r e l i a b i l i t y  fac tor"  w a s  assigned t o  
each point  load test and these  values a r e  incorporated i n t o  f r a c t u r e  
frequency da ta  t o  genera te  t h e  second frequency diagram. I n  t e s t l r ~ g  cl ~ ~ a t u r a l  
material such as sha le ,  f laws And i r r e g u l a r i t i e s  inherent  i n  a sample may 
in f luence  its mechanical test behavior such t h a t  i t  is  not  representa t fve  of 
t h e i n - s i t u r o c k  u n i t .  Flaws and i r r e g u l a r i t i e s  may include p y r i t e  nodules, 
scrihe grooves, f u u s i l s ,  s laking,  al iekcnoiding,  jo in t ing ,  e t c . ,  o r  such 
th ings  a s  uncer ta in ty  of o r i e n t a t i o n  of t h e  sample, o r  movement of t h e  sample 
during t e s t i n g .  A " r e l i a b i l i t y  factor ' '  w a s  used t o  ass ign a value t o  t h e  
degree of inf luence  of any of these  f e a t u r e s  s o  t h a t  a comparison of t e s t  
r e s u l t s  f o r  d i f f e r e n t  samples could be  made t h a t  would include a measure of 
t h e s e  types of inf luences  i n  order  t o  represent  t h e  s t r eng th  c h a r a c t e r i s t i c s  
of the  a c t u a l  rock u n i t  i n  quest ion.  
An i n t e g r a l  va lue  between 1 and LO was assigned f o r  a r e l i a b i l i t y  
f a c t o r .  A t e s t  i n  which specimen flaws w e r e  minimal and i n  which t h e  sample 
d i d  not move appreciably p r i o r  t o  f a i l u r e ,  received a r e l i a b i l i t y  IacLur of 
10. A t e s t  i n w h i c h  flaws were suspected of in f luenc i~rg  f a i l u r e  behavior of 
t h e  sample received a lesser r e l i a b i l i t y  t a c t o r .  ~l'o r&%ove arbltrar luttss 
s p e c i f i c  types of f laws were givenSval.ries t o  subtracL Iruut 10. The r e l i a b i l i t y  
d a t a  w e r e  u t i l i z e d  a s  mult iplying f a c t o r s  f o r  point  load data ;  f r a c t u r e s  
produced i n  " re l i ab le"  tests were recorded a s  one i n  t h e  o r i e n t a t i o n  i n  w l i i ~ h  
they were formed i n  t h e  sample, and values of f r a c t u r e s  ~ r o d u c e d  iil'lese 
r e l i a b l e "  tests were recorded as a percentage of one  i n  the  o r i e n t a t i o n  i n  











TABLE 1. ~ o n t i n u e d . ~  
F m n  
aa apch win)lr(r tnpi*ncy Shonhudn* spacificgnriyb M o i i c o m r m  son**.loci T"sihnnnplh 
M If11 lminln) InoJdMer*) IShl J 1% dy wt) I k r n h a C  (MP.)~ 
Point-load f m m  
fnpu m plot 
( n l i i  factor 
wpuimpoadld w e  
S U R V  FOR 14.- 2 O ~ r d . u  244 081% 4.72 krnlr 7 . 1  
CORE OlKV ( e m 1  IN ?M 
%tural  f r a c t u r e  dat: included i n  swa*,ry onl?. beraunc of wra r r i tv  nl dnta. 
b ~ i r c l e d  p~, inte  rc.prermt canned samples. 
c~ndirect- t r .nr if le  "Brazilian" t e s t .  
d ~ u m e r a l s  I .  11, 111. rod I\' renrerrmt l l thofar3cn of  rhc  llrv Alhanr i l l ~ l c  Jcc incd in 1SCS annual r epor t ,  
Srpremhor 30. 1977. aubmittec t n  ERM. contract  E-(LO-1)-5203. 
e~~nahaded rnsnrv rcprsncntn f r a r t u r e  data  withour " r e l i n b i l i t y  factor": shaded r o s e t t e  represents  f r a r t u r o  da ta  
u i  t h  "re1 i ab iS i tv  factor"  inrwrp~rrated. 
Surrnrary of physical . iudex properties and mechanical t es t  r e s u l t s  f o r  OlKY--Continued. 
TENSILE STRENGTH AT TEST ORIENTATI0N 
LIMOLDGY I11 M (o*) 
%umber d s m r a t  
average t+nslle strmgth 
-60' -30' 0'  
816.12 517.54 711.38 
30' 60' 90' 
118.30 718.19 
POINT-LQPD FRACTURE ORIENTATION 
CORE OI<i 
iOj samples  
A 
' ~ a t t t r a l  f r a c t u r e  J a t a  i n r l - d a d  i n  sunaary  o n l y  bcesunr. o f  x r r r c i L v  d d t a .  
" ~ l r c l r d  r o i n t s  r e p r e s e n t  cvlned nam?lea 
C l n d i r c c t - t e n a i l e  "Brazi l lan"  test. 
d.. . .uvrral< I .  11. 111, and 1% r e r r e x r n t  l i t h o f 3 - i e s  of t h e  Sew L l h . t n ~  S l ~ ; l e  df9 Jncd I n  1S(iS annual r a p o r t .  
Suptenher 30. 1977. submiLtrJ  M EWBA, u o n i r c t  E-160-1)-5203. 
C:nwhndcd r o s e t t e  brprrncnms f r c r t u r r  d e c a  vlllmnf ' r e l i a b i l i t y  fac t r i r" .  rhadcd r o a e t t u  r c p r r c c n t s  t r a r t a r ~ .  d a r n  




QIJANTITATIVE DETERMINATION OF MAJOR, 
MINOR, AND TRACE ELEMENTS IN SHALES 
Introduction 
Determine not less than 49 major, minor, and trace elements in 300- 
500 shale samples, which are representative cross sections of the cores taken. 
Include organic and mineral carbon; total hydrogen; total sulfur and when 
that exceeds 0.58, pyritic and sulfate sulfur. Also, report other elements 
observed during normal routine analysis. The data generated will be used to 
evaluate: 1) the potential economic importance of trace element concentrations 
in organic-rich shales, 2) new geochemical exploration techniques for natural 
gas, 3) trace element enrichment in shale organic matter, 4) the occurrence 
of heavy metal sulfides in shales, 5) potential catalytic effects of trace ele- 
ments on shale pyrolysis yields, and 6) potential disposal problems. 
Elemental Analysis 
Progress 
Analyses of shale samples on hand is continuing satisfactorily. Of 
243 samples received for complete analysis for major, minor and trace elements, 
analytical work has been completed on some 192, and the data are.being tabulated 
and checked for inclusion in a future report. 
INORGANIC/ORGANIC ASSOCIATIONS OF 
TRACE ELEMENTS IN BLACK SHALES 
Introduction 
Develop chemical and/or physical methods for the separation of the 
organic and inorganic phases of shales, and determine the trace elements that 
are associated with each phase. Methods tested include float-sink gravity 
separations, mechanical separations (Humphrey Spira'l), acid extractions, and 
zonal centrifugation. Compare results of analyses for ten shales, their gravity 
fractions, and their separated organic phases to determine the elements closely 
associated with organic matter. Separation procedures that are most promising 
will be used to study further the organically combined trace elements in addi- 
tional shale samples. This research is designed to yield new information 
concerning chemical variations in shale organic matter, which is the shale 
component about which little is known and which may be the most characteristic 
feature of gas bearing shales. 
Kerogen p r o d u c t s  o b t a i n e d  from t h e  ac id -deminera l i zed  C h r i s . t i a n  . 
Ca, Ky and Effingham Co.,  I l l .  c o r e s  a r e  s t i l l  undergoing a n a l y s i s .  How- 
e v e r ,  p r e l i m i n a r y  d a t a  g i v e n  i n  t h e  accompanying t a b l e  show t h a t  o n l y  t h e  
a l k a l i  e l e m e n t s  e x h i b i t  c o n c e n t r a t i o n s  t h a t  can  b e  e x p l a i n e d  by t h e  p r e s e n c e  
o f  r e s i d u a l  a s h .  A l l  o t h e r  e lements  have c o n c e n t r a t i o n s  i n  t h e  kerogen 
w e l l  i n  e x c e s s  o f  any  c o n t r i b u t i o n  by unremoved m i n e r a l  matter. Of t h e  
e l e m e n t s  shown h e r e ,  o n l y  bromine shows c o n c e n t r a t i o n s  i n  t h e  kerogen s u f f i -  
c i e n t l y  h i g h  t o  account  f o r  a l l  o f  t h e  bromine i n  t h e  whole s h a l e .  
Because  t h e s e  s h a l e s  a r e  o n l y  m a r g i n a l  g a s  p r o d u c e r s ,  a t  b e s t ,  few 
i f  any  c o n c l u s i o n s  c a n  y e t  b e  drawn concern ing  t h e  r e l a t i o n s h i p  between 
t r a c e  e lement  c o n c e n t r a t i o n s  and g a s  p r o d u c t i o n .  The remain ing  d a t a  f o r  
t h e s e  two samples  w i l l  soon b e  a v a i l a b l e ;  however, u n t i l  a  number o f  s h a l e s  
from h i g h  gas-producing r e g i o n s  become ava i lab le  f o r  t e s t i . n g ,  i t .  w i l l  he 
d i f f i c u l t  t o  draw meaningfu l  c o n c l u s i o n s .  
Tes t ing  on t h o  g r a d i e n t  d c n o i t y  cquipmcnt is c o n t i n u i n g  211 o r J e ~ -  
t o  o p t i m i z e  t h e  s e p a r a t i o n  p rocedure .  I t  is  expec ted  t h a t  some d a t a  w i l l  b e  
a v a T l a b l e  f o r  t h e  n e x t  r e p o r t i n g  p e r i o d .  
T a b l e  1. T r a c e  Element Analyses  of S h a l e  and Kerogen Freed from i t  by 
Acid D e m i n e r a l i z a t i o n  
C h r i s t i a n  Co., Ky. Kerogen Effingham Co., I11 Kerogen 
SO001 C-20395 SO0056 C-20441 
K 2.92 % "(58) ppm 7 3 .48  % (104)ppm 1 2  ppm 
U 6 1  ( .12) 1 . 6  2  9 ( .09) .7 
Yb 2.3  ( .005) 1 . 2  2 .3  ( .007) .8  
Zn ' 72 ( -14)  4.7 190 ( .57) 6.3 
Ash c o n t e n t  .2  % . 3  % 
* The f i g u r e s  i n  b r a c k e t s  r e p r e s e n t  t h e  c o n t r i b u t i o n  t o  t h e  t r a c e  e lement  con- 
c e n t r a t i o n  of t h e  ke r0gens . i . f  t h e  a s h  c o n t e n t  is  unremoved m i n e r a l  m a t t e r .  
MODE OF OCCURFUZNCE AND RELATIVE DISTRIBUTION 
OF HYDROCARBON PHASES IN SHALE 
Introduction 
DeLer111irre the character of off-gases from approximately 10-foot intervals 
in cores collected in the Illinois Basin. In addition, determine the relative dis- 
tribution of hydrocarbons in ten specially prepared core samples, which are the 
same as those in previous unit. Preserve the samples in airtight containers and 
subsequently analyze them for evolved gases; highly volatile, low-molecular weight 
liquids; medium-volatile hydrocarbons; and solvent-extracted, low volatile hydro- 
carbons using GC-MS methods. Determine non-volatile, high-molecular weight hydro- 
carbons by GC analysis of shale pyrolytic products. 
Determine the carbon isotopic composition of methane in off-gases from 
core samples whenever sufficient methane can be collected. Compare this data to 
other pertinent data such as gas composition and vitrinite reflectance for the 
purpose of making interpretations as to the origin and maturity of the gas. Perform 
laboratory experiments to study the relative effects and significance of chemical 
and isotopic fractionation that'occursas gas is released from core samples. 
Data a,ccumulated.can be evaluated to gain a better understanding of 
the origin, migration, and location of natural gas associated with the shales. 
Progress 
Released Gas Analysis 
Due to a number of problems encountered in coring the Hardin County, 
Illinois well only 22 samples were taken for released gas analysis. 
: The samples (approximately 4 inches in diameter by 4 to 5 inches in 
height) were sealed in aluminum canisters as soon as feasible after the core 
was brought to the surface. The samples were transported to the laboratory and 
are stored in a constant temperature (20°c) room. The temperature at the well 
site varied from approximately 4" to ~ O C  during the coring period. There was an 
initial build-up of pressure in the cannisters of 2 to 5 cm. of mercury. Must 
of the pressure increase can be attributed to the temperature change. After an 
equillibration period of 4 weeks, the pressure inside the canisters is less than 
the initial readings. 
Preliminary gas chromatographic analysis of the head space gas of the 
first ten samples shows only the presence of carbon dioxide, nitrogen and oxygen. 
There is an increase in the amount of carbon dioxide present and a slight decrease 
in the amount of oxygen present compared to that normally found in the atmosphere. 
This may indicate that some sxidation is taking place. 
Volatile Hydrocarbon Analysis 
e No new analyses for volatile hydrocarbons were made during this 
quarter. 
Medium Volatile Hydrocarbon Analysis 
Pyrolysis 
The pyrolysis - gas chromatography technique discribed in the last 
quarterly report has been used to analyze for medium and low volatile organics 
in a total of eight black shale samples during this quarter. The samples were 
pyrolyzed at 250°, 350°, 550' and 750°c. The total pyrolysis time at each 
temperature was 5 seconds. 
The eight samples pyrolyz~d weie 5000G0, The Indiana Standard: SOnfl95, 
The Ohio Standard; OlKY07C1, OlKY12C1 and a composite of OlKYOlLl arld 01KY05Ll 
from the Kentucky well; 021L04~1 ~ffingham Cu. well; and OdIE19C1 slid OGIL20C1 
from the Tazewell County, Illinois well. 
The results of the pyrolysis-gas chromatography of the shale samples 
are shown in Tables 2 to 9 and Figures 1 to 8 inclusive. Comparisons are drawn 
on the basis of the relative amounts of hydrocarbon evolved at each pyrolysis 
temperature after grouping the hydrocarbons according to carbon number. No firm 
conclusions have been derived at this time. 
Solvent Extraction 
Six black shale samples have been extracted with a 70:30 (V:V) mixture 
of benzene: methanol in a soxhlet extraction apparatus. Each sample was extracted 
for 40 hours. The benzene: methanol solvent extracts from 4-9% of the organic 
carbon content of the shale. 
The sAXhl.et extr 'acts weL.e further scparatod by column chromat.ngraghy 
i nt .o  three frackions - aliphatic, arun~dllc, dr~d aspl~altenc. Tho camples ertrarteA , 
the percent of total shale extracted and the percent of each fraction Prom the 
chromatography separation are given in Table 10. The 041L sample is from the 
Henderson County, Illinois core, the OlKY samples are from the Christian County, 
Kent-ucky core and the U ~ L L  samples die ILOIII the Tozcwcll County, Illinoi-s core. 
Three chemical samples 06IL18C1 through 06IL20C1 were combined to give a larger 
amount of shale from which a reasonable yield of extract could be obtairled. The 
two samples OlKYOlLl and 01KY05L1 were pulverized and combined to give a total 
of two kilograms of shale for total chemical analysis. The OGILlOCl sample did 
not yield a large enough quantity of extract for further analysis. 
Elemental analyses were made on the total extracts and the chromatog'i-aphic 
fractions. The hydrogen to carbon ratios were calculated from the analytical 
results. There does not appear to be any significant anomalies in the results. 
The elementa1,analyses and H/C ratios are given in Table 11. 
The aliphatic fraction from samples 04IL14C1, 01KY07C1 and the composite 
06IL18C1 through 06IL20C1 were further separated on molecular sieve into n-paraffins 
and branched chain paraffins. The n-paraffin fraction was then analyzed by gas 
chromatography. A typical gas chromatogram is shown in Figure 9. The.percent of 
n-paraf f ins in the aliphatic fraction, the dominant components, arid the odd to 
even number carbon ratio are given in Table 12. The predominance of odd over 
even carbon number n-para'ffins has generally been found to be true for paraffins 
derived from sediments. p he distribution of the n-paraffins in the three samples 
is shown in Figure 10. 
Isotopic Analysis of Off-Gases 
No additional cores have been available containing sufficient methane 
for isotopic analyses. 
Laboratory Study of Chemical and Isotopic Fractionation 
Because our preliminary data indicated that significant changes in the 
chemical and isotopic composition of natural gas can occur during degassing of 
shales, i-e., during gas flow through the micropores of the shale, further 
research is being conducted in the laboratory on 3/4" cores pressurized with 
natural gas. The cores being used in this phase of the study were evacuated 
in a vacuum oven for approximately 2 months to remove all residual gases. The 
cores were then sealed into high pressure vessels and evacuated for an additional 
3 weeks. 
Four pressure vessels contain one shale core each and a fifth contains 
a brass plug of equivalent size to serve as a blank. The vessels were pressurized 
to 610 p.s.i.g. with natural gas of known composition, and are being kept sub- 
merged in water so that any leakage can be detected. After approximately 20 days, 
the pressure in the vessels containing the cores dropped on the average about 80 
P.S.I. indicating uptake of gas by the shale. During the following 25 days the 
pressures in three of these vessels dropped at a relatively constant rate of 
0.870 P.S.I. per day. The pressure in the vessel containing the blank is holding 
constant; however, one of the vessels containing a shale core is losing pressure 
at a rate of about 3 P.S.I. per day indicating a leak. The leak has now been 
traced to the valve, which is transmitting gas back into the manifold to which 
the vessels are attached. 
Once equilibrium of the gas with the shale is attained, the vessels will 
be systematically depressurized as a function of time and the gas will be sampled 
and analyzed to determine whether any chemical or isotopic fra~~innation ha3 
o c c ~ ~ r e d .  
ADSOFU'TION/DESORPTION STUDIES OF GASES THROUGH SHALES 
Introduction 
With nitrogen and carbon dioxide, determine internal surface area on 
shale core samples; on selected samples, use methane as the adsorbate (sorbate) 
at pressures within the range of 1 to 80 atmospheres. Con~parison of thecc 
prppertie~ in gas-producing and non-ga~-~roducin~ shales will be made to determine 
the relationship of shale physical properties to gas recovery. 
P r o g r e s s  
No new c o r e  samples  were  r e c e i v e d  d u r i n g  t h i s  q u a r t e r  f o r  i n t . e r n a 1  
s u r f a c e  a r e a  measurements.  These  measurements have been completed on  a l l  t h e  
c o r e  samples  r e c e i v e d  t o  d a t e  from t h e  I l l i n o i s  Basin .  However, methane 
a d s o r p t i o n  ( s o r p t i o n )  i s o t h e r m s  a t  h i g h  p r e s s u r e s  a r e  s t i l l  b e i n g  produced and 
s t u d i e d .  G a t h e r i n g  t h e  methane h i g h - p r e s s u r e  d a t a  i s  a  n e c e s s a r i l y  s low p r o c e s s ,  
sometimes t a k i n g  as much as a week p e r  samp1.e. New i s o t h e r m s  f o r  t h r e e  samples  
from Edgar  County,  I l l i n o i s  (05ILOlL1, 05IL01L2, and 05ILOlL3)and t h e  a d s o r p t i o n /  
s o r p t i o n  i s o t h e r m s  f o r  a sample  from Wise County,  V i r g i n i a ,  which was r e c e i v e d  
from J. B a r r y  Maynard o f  t h e  U n i v e r s i t y  o f  C i n c i n n a t i ,  a r e  shown i n  F i g u r e s  
11, 1 2 ,  1 3 ,  and 1 4  r e s p e c t i v e l y .  
E d ~ l i e L -  w e  r e p o r t e d  that, w i t h  t h e  e x c e p t i o n  o f  samples  fro111 Wise 
County,  Va.,  samples  troll1 Llie ~ p p c l l d c l l i a n  Daqin that VIP had s t u d i e d  behaved 
s i m i l a r l y  t o  t h o s e  from t h e  s o u t h e r n  port lul l  vE t l ~ c  I l l i n o i s  Ra.sin. T h a t  is, 
i n t e r n a l  s u r f a c e  a r e a  measurements from n i t r o g e n  a d s o r p t i o n  were a p p r e c i a b l y  
less t h a n  t h o s e  from c a r b o n  d i o x i d e  a d s o r p t i o n ,  i n d i c a t i n g  t h a t  a v e r a g e  p o r e  . 
s i z e s  were s m a l l e r  w i t h  g r e a t e r  b u r i a l  d e p t h .  The Wise County,  Va. samples ,  
however,  were  somewhat un ique  i n  t h a t  n i t r o g e n  s u r f a c e  a r e a  v a l u e s  w e r e  a b o u t  
t h e  same as t h o s e  fro111 C 0 2  a d s o r p t i o n .  The Wise County,  Va. samples  came from 
d e p t h s  g r e a t e r  t h a n  4000 f e e t .  The methane u p t a k e  ( t o t a l  s o r p t i o n  c u r v e  shown) 
d o e s  n o t  c o n t i n u e  t o  i n c r e a s e  a t  n e a r l y  t h e  same r a t e  a s  t o t a l  s o r p t i o n  c u r v e s  
f o r  samples  from C h r i s t i a n  County,  Ky. shown i n  e a r l i e r  r e p o r t s ,  where some 
i n c r e a s e d  s o r p t i o n  is t h o u g h t  t o  o c c u r  i n  t h e  o r g a n i c  ca rbon  p o r t i o n  o f  t h e  c l a y  
m a t r i x .  T h i s  i n c r e a s e d  r a t e  o f  t o t a l  s o r p t i o n  i s  s e e n  t o  some e x t e n t  i n  t h e  
05IL01 samples  shown h e r e  from Edgar c o u n t y ,  111. Thus,  t h e r e  i s  added ev idence  
h e r e  t h a t  t h e  o r g a n i c  ca rbon  p o r t i o n  o f  t h e  Wise County, Va. samples  h a s  been 
a l t e r e d .  With o u r  e a r l i e r  s t u d i e s  o f  i n t e r n a l  s u r f a c e  a r e a ,  and t h e  h i g h e r  
v i t r i n i t e  r e f l e c t a n c e  v a l u e s ,  it would appear  t h a t  t h e  t empera tu re  i n  t h e  g e o l o g i c  
past f o r  t h e  Wise Co., V a .  samples  was much h igher  Lliai~ t h a t  a c q u i r e d  s imply  by 
i n c r e a s e d  b u r i a l  d e p t h .  The i n c r e a s e  was i i k e l y  due to thc c a t a s t r o p h i c  s h e a r i n q  
o f  f a u l t  p l a n e s  i n  t h a t  v i c i n i t y .  R e i t e r a t i n g  o u r  e a r l i e r  r e p o r t ,  i f  g a s  h a s  
been t r a p p e d  i n  t h e  s h a l e  from Wise Co., Va. ,  i t s  r e l e a s e  w i l l  be  much more 
r a p i d  t h a n  from o t h e r  comparable o r g a n i c  ca rbon-con ta in ing  s h a l e s  t h a t  w e  have 
s t u d i e d  t o  d a t e .  
Two p a p e r s  were p r e s e n t e d  on o u r  studies duririlj L l ~ i s  q u o r t c r .  One by 
R. R .  Frost-  and .I Thnmas, Jr. a t  t h e  2nd Annual E a s t e r n  G a s  S h a l e s  Symposium 
h e l d  i n  Morgantown, W .  Va., Oct .  16-18. 'l'he second by J .  'I'hoa~as, Jr. was procent- 
ed a t  t h e  27 Annual Clay  M i n e r a l s  Conference h e l d  i n  Bloomington, I n d i a n a ,  Oct .  
8--12, $978. 
Table 2 .  Relative composition o f  the pyrolytic organic fraction for shale SO0060 
.l C'L .lor S W  SOL 
Pyrolysis Temperature ~ ' c Y  
Fig. 1 The percentage of the pyrolytic organic fraction a s  a function of  the 
pyrolysis temperature for shale SO0060 
x = Exaction <Ce 
o = fraction Cg-Cl2 
A = fraction C13'C16 
= fraction C17-C20 
Table 3 .  Relative composition of  the pyrolytic organic fraction for shale SO0095 
Temp % \  <Ca Cg-Cl2 C13-Cl6 C17-C20 C21-C24 C2 5' 
750 72.60 15.91 7.44 2.12 1.94 trace 
Fig. 2 The percentage of the pyrolytic organic fraction as  a function of  the 
pyrolysis temperature for shale SO0095 
x = fraction <Cs 
o = fraction Cg'C12 
A = fraction C13'C16 
= fraction C17-C20 
Table 4 .  Relative composition of the pyrolytic organic fraction for 02IL04C1 
-- pp 
O c  
Temp <c 8 C9-cl2 C13-cl6 c17'c20 c21'c24 c2 5' 
Fig. 3 The pei?dcntage og th6 pyyolytic organic fraction as a function of the 
pyrolysis tempcratufe for shale 02IL04C1 
x = fraction <Ce 
o = fraction Cg-C12 
A = fraction C13'C16 
- fraotion C17-C20 
T a b l e  5.. Relative composition of the pyrolytic organic fraction for shale 01KY07C1 
O c  
Temp <C a Cg-Cl2 C13-Cl6 C17-C20 C21-24 C2 s< 
Fig. 4 The percentage of the pyrolytic organic fraction as a function of the 
pyrolysis t e m p e r a t u r e  for shale 01KY07C1 
x = fraction <C8 
o = fraction Cg'C12 
A = fraction C13'C16 - = fraction C17'C20 
Table 6. Relative composition of the pyrolytic organic fraction for shale 
OlKY12Cl (500012) 
Pyrolysis Temperature ( O C )  
Fig. 5 The percentage of the pyrolytic organic fraction a s  a function of the 
pyrolysis temperature for shale OlKY12Cl (S00012) 
x = fraction <Ca 
o = fraction Cg-Cl2 
A = fraction C13-Cls 
= fraction C17-C20 
Table 7. Relative composition of the pyrolytic fraction for shale 
06IL19C1 (S00088) 
- -- 
Temp (OC) C9-cl2 C13-cl6 c17'c20 c2 l'C2 4 c2 5< 
Pyrolysis Tatlperdture t u ~ )  
Fig. 6 The percentage of the pyrolytic organic fraction as a function of the 
pyrolysis temperature for shale 06IL19C1 (SO00881 
x = fraction <Cs 
o = fraction C9-Cl2 
A = fraction C13-Cl6 
Table 8. Relative composition of the pyrolytic organic fraction for shale 
06IL20C1 (S00089) 
Pyrolysis Temperature ( OC) 
Fig. 7 The percentage of the pyrolytic organic fraction as a function of the 
pyrolysis temperature for shale 06IL20C1 (S00089) 
x = fraction <Ce 
o = fraction Cg-C12 
A = fraction C13'C16 
Table 9. Relative composition of the pyrolytic organic fraction for shale 
composite of OlKYOlLl and 01KY05L1 
Pyrolysis Temperature ( OC) 
Fig. 8 The percentage of the pyrolytic organic fraction as a function of the 
pyrolysis tanperature for shale composite of O l K Y O l L l  and 01KY05L1 
x = fraction <Ca 
o = fraction C9-C12 
A = fraction ClS'C16 
Table 10. Soxhlet Extraction, Column Chromatography of Eastern Black Shale 
Organic Benzene-MeOH Chromatography fraction 
Carbon ( % )  Extract ( % )  ( %  
Sample name recovery aliphatic aromatic asphaltene 
a) composite sample 
b) mean for composite 
Table 11. The Elemental Analysis and Hydrogen/Carbon Ratio of Extract 
and Fraction from Extract 
Chromatography fraction 
Extract 
Sample name Element .(Benzene-Methanol) Aliphatic Aromatic Asphaltene 
* Composite 
Table 12. GC Analysis of Aliphatic Fraction from Eastern Black Shale Extract 
n-paraffin/ Dominant components odd number carbon/ 
Sample name Aliphatic fraction in n-paraffin even number carbon 
* composite 
Fig.9 : G.C. trace of =he nomal slkane distribution in shale 01KY07C1 extract. 
NuMber t$ carbon 
Flig.10 : The distribution of n-parsf fin in 04IL14C1 (01 ,  01KY07C1 ( A  1 and 06IL18WOCl  ( n ) 
Aliphatic extract. 
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